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PREFACE 



Vision is a strange and wenderfiil business. I have been puzzling over its perplexittes 
for 50 years. I used to suppose that the way to understand it was to learn what is 
accepted as true about the physics of light and the retinal image, to master the anatomy 
and physiology of the eye and the brdto, iod then to put it together into a theory of 
perception that could be tested by experiments. But the more I learned about physics, 
optics, anatomy, and visual physiology, the deeper the puzzles got. The experts in 
Aese sciences seemed confident that they could clear up the mysteries of vision 
eventually but only, I decided, because they had no real grasp of the perplexities. 

Optical scientists, it appeared, knew about light as radiation but not about light 
considered as illumination. Anatomists knew about the eye as an organ but not about 
what it can do. Physiologists knew about the nerve cells in the retina and how they 
work but not how the visual system works. What they knew did not seem to be 
relevant. Th«y oeald cre^e hcdograms, prescribe spe^dSes, and eure leases of the 
eye, and these are splendid accomplishments, but they could not explain vision. 

Physics, optics, anatomy, and physiology describe facts, but not facts at a level 
appropriat^for the study of parcepMon. In this boolc I attempt a new le^l oliesei^ieni. 
It will be un&miliar, and it is not fuHy developed, but it pvovides a fresh approach 
where the old perplexities do not block the way. 

What awe its WHtiecai^sf I am aware of my debt m the <^e$talt p^diobgists, 
especially to Kurt Kofika. I have extended many of his ideas. I owe a great deal to the 
fimctionalists in American psychology, William James and E. B. Holt, for example. I 
was Influenced in the thirties by Edward Tolnmn on the one hand, and by Leonard 
Troland on the other. The doctrine of stimuli and responses seems to me false, but I 
do not on that account reject behaviorism. Its influence is on the wane, no doubt, but 
a regfesMon to mentalism wsuld he worse> Why tnyit we seek ex^anation m eS^er 
Body or Mind? It is a false dichotomy. As for introspection, so-called, it can be done 
in the style of David Katz or Albert Michotte without falling into the error of elemen- 
tarism. 

I have learned a great deal from my contemporaries, Robert MacLeod, Ulric 
Neisser, Julian Hochberg, Ivo Kohler, Fabio Metelli, Hans Wallach, Ernst Gombrich, 
and especially Cunirar Johansson. My students, tod, are teasers, -itfMd Since the 



listing in my last book, the principal influences are from James Farber, Thomas Lom- 
bardo, Harold Sedgewick, and Anthony Barrand. I also had a very es^rly student who 
has become a contemporary as the years pass, Mary Henle. t thank all of them from 
the bottom of my heart. 

There are several friends and colleagues who are pushing ahead with the ecological 
approach to psychology without having been my students. It would seem that they 
believe in it without persuasion. Robert Shaw, William Mace, Michael Turvey, and 
David Lee are scrambling through the underbrush along with me, and I am grateful 
for their company. So are Edward Reed and Rebecca Jones, who compiled the index. 

This book has been written and revised in pieces over a period of ten years. So 
many helpful persons have read and criticized these pieces that I can only thank them 
as a group. But I am especially indebted to William Mace, Trinity College, Jacob Beck, 
University of Oregon, and Michael Turvey, University of Connecticut, for their criti- 
cisms of the final manuscript. 

Above all there is the Susan Linn Sage Professor of Psychology at Cornell who 
worked very hard on this book, even if she idid aSM write it She is married to me, and 
we share responsibility for important decisions. Any errors in this book that remain atre 
her fault as much as mine. 



JJG. 
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INTRODUCTION 



This is a book about how we see. How do we see the environment around us? 
How do we see its surfaces, their layout, and their colors and textures? How do we see 
where we are in the environment? How do we see wih^ther or not \m are iltovlhg and, 
if we are, where we are going? How do we see what things are good for? How do we 
see how to do things, to thread a needle or drive an automobile? Why do things look 
as ikef do? 

This book is a sequel to The Perception of the Visual World, which came out in 
1950. It is rather difierent, however, because my explanation of vision was then based 
on the retinal image, whereas it is now based on what I call the ambient optic array. 
I now believe we must take an ecological approach to the problems of perception. 

We are told that vision depends on the eye, which is connected to the brain. I 
shall suggest Aat natifral vision depends on the eyes in the head on a botiy supported 
by the ground, the brain being only the central organ of a complete visual system. 

When no constraints are put on the visual system, we look around, walk up to 
something interestftig and move around it so as to see it from all sides, and go from 
one vista to another. That is natural vision, and that is what this book is about. 

The textbooks and handbooks assume that vision is simplest when the eye is held 
still, as a camera has to be, so that a picture is formed that can be tratfSmitted to the 
brain. Vision is studied by first requiring the subject to fixate a point and then exposing 
momentarily a stimulus or a pattern of stimuli around the fixation point. I call this 
snapshot vision, if the exposiire period is made long^, the eye wiH scan the pattern 
to which it is exposed, fixating the parts in succession, unless the subject is prohibited 
from doing so. I call this aperture vision, for it is a little like looking at the environment 
through a ttneithole in a<fence. Hhe investigafeet S|S!i&nies- tbst eaeh fixatioa of ifce eye 
is analogous to an exposure of the film in a camera, so that what the brain gets is 
something like a sequence of snapshots. 

The headrest of the laboratory prevent the observer b&m turning his head and 
looking around, which provides what I will call ambient vision. It also, of course, 
prevents him from getting up and walking around, which provides ambulatory vision. 
Are these forms of visionf I suggest they arej in fact, they are the kind of vision we 



need in life, not just pictorial depth peroeption. We need to-see all Hie way around at 
a given point of observation and to take different points of observation. The crux of the 
matter is whether or not natural vision is compounded of units like the snapshot. I 
very much doullt that vision is simplest when the experimenter tries to mske 3ie eye 
work as if it were a photographic camera, even the kind thdt takes pictures in rapfd 
succession. 

Looking around and giving around do not fit into #ie standard idea of wh«rt visilal 
perception is. But note that if an animal has eyes at all it swivels its head around and 
it goes from place to place. The single, frozen field of view provides only impoverished 
information about the world. The visu^ system did not evolve for this. Thi feVideffbe 
suggests that visual awar^ess is in fact panoramic and does in fact persist during long 
acts of locomotion. 

Birt I of this book is about the environment to be pereeived. Part II is abbut itie 
information for perception. Part III is about the activity of perception. Finally, Part IV 
is about pictures and the special kinds of awareness that go with looking at them. 
Picture vision comes last because it can be understood only after we are clear about 
ambient vision and ambulatory vision. 

First, the environment must be described, since what there is to be perceived has 
to be stiinilated 'before one can even talk about perceiving it. This is not the world of 
physics but the world at the level of ecology. Second, the information available for 
perception in an illuminated medium must be described. This is not just light for 
stimulating' rec#pteirs but the information in the light that can activate the system. 
Ecological optics is required instead of classical optics. Third (and only here do we 
come to what is called psychology proper), the process of perception must be described. 
7his fs not the processing of sensory inputs, however, but the extracftihg of in\^f19hts 
from the stimulus flux. The old idea that sensory inputs are converted into perceptions 
by operations of the mind is rejected. A radically new way of thinking about perception 
is proposed. 

The ecological approach to perception was adopted in my book The Senses Con- 
sidered OS Perceptual Systems, which came out in 1966. Actually, it is a new approach 
to the whole field of psychology, for it involves rejecting the stimulus-response forntula. 
This notion, borrowed from the so-called hard science of physiology, helped to get rid 
of the doctrine of the soul in psychology, but it never really worked. Neither mentalism 
on the one hand nor conditioned-response behaVlort^ oin tfie othet is good ^ough. 
What psychology needs is the kind of thinking that is beginning to be attempted in 
what is loosely called systems theory. 

Environmentalism is a powei&l movement nowadays, but in psycholbgy'lt nas 
generated more enthusiasm than discipline. There is no central core of theoretical 
concepts on which to base it. The right conceptual level has not yet been found. This 
book makes an effort to find the ri^t level. A few psychologists, such as E. Brunswik 



(1956) and R. C. Barker (1968), have moved in this direction, but none has ended with 
the sort of theory being put forward here. 

The great virtue of the headrest, the bite-board, the exposure device, the tachis- 
toscope, the durktoorii with its points cff light, and the laboratory vwth its carefiilly 
drawn pictorial stimuli was that they made it possible to study vision experimentally. 
The only way to be sure an observer sees what he says he does is to set up an 
experimental situation and check him out. Experimental verification can be trusted. 
These controls, however, made it seem as if snapshot vision and aperture vision were 
the whole of it, or at least the only vision that could be studied. But, on the contrary, 
natural vision can be studied expeirimetrtally. The experilflgifis to be reported in Part 
III on perception involve the providing of optical information instead of the imposing 
of optical stimulation. It is not true that "the laboratory can never be like life." The 
laboratory mutt be Ifke life! 

It has to be admitted that the controlled displaying of information is vastly more 
difficult than the controlled applying of stimulation. Experimenters are just beginning 
to leam how to display information in a few SCiMer^ labaratdries, at Cornell, Uppsala, 
the University of Connecticut, and Edinburgh. The experiments I will report in Part 
III are mostly my own, and the evidence, therefore, is scanty. Other students of 
information-based perception are at work, bdt the facts have not yet been accumulated. 
The vast quantity of experimental research in the textbooks and handbooks is concerned 
with snapshot vision, fixed-eye vision, or aperture vision, and it is not relevant, I do 
assure my readecs that I know this body of research. I have even contributed to it. But 
they will have to take my word for it. 

I am also asking the reader to suppose that the concept of space has nothing to do 
vft&\ perception. GAirrtiAriieal space is a puffe abstraction. Outer space can be visualized 
but cannot be seen. The cues for depth refer only to paintings, nothing more. The 
visual third dimension is a misapplication of Descaites's notion of three axes for a 
coortilnate system. 

The doctrine that we could not perceive the world around us unless we already 
had the concept of space is nonsense. It is quite the other way around: We could not 
conceive df empty space uflless we could see the ground under our feet and the sky 
above. Space is a myth, a ghost, a fiction for geometers. All that sounds very strange, 
no doubt, but I urge the reader to entertain the hypothesis. For if you agree to abandon 
the dogma that "percepts without concepts are blind," as Kant put it, a deep theoretical 
mess, a genuine quagmire, will dry up. This is one of the main themes of the chapters 
that follow. 

A whole set of interesting facts about retinal photographic vision will not be 
described in this book — facts about vision with a fixed eye or vision with a shutter; 
such facts as the blind spot, the entoptic phenomena, the gaps in the visual field 
(scotomas), the afterimages of prolonged fixation, the tests for so-called acuity, the 



INTRODUCTION 



I 



examining of the retina with an ophthalmoscope, the symptoms of eye disease, and the 
prescribing of corrective spectacles. These are the facts of ophthalmology and optometry 
and the psychophysiology of vision at the level of cells. 

These ^(S-all depend on the subject's being willing to hold hfs Sj* feted like a 
camera. They are perfectly good facts, and they have their place. They are much better 
known than the facts with which this book is concerned, and their scientific status is 
sxich that those persons who specialize in them assume with conftdeflee that physical 
and physiological optics provide the only basis for visual perception. But those persons 
have no conception of the perplexities to which their assumption leads. And there is 
a better basis for visual perception, as 1 shall toy to show. 



ONE 



THE ENVIRONMENT 
TO BE 
PERCEIVED 



ONE 



THE ANIMAL 
AND 

THE ENVIRONMENT 



In this book, environment will refec lo tlte surroundings of those organisms ikat 
perceive and behave, that is to say, animals. The environment of plants, organisms that 
lack sense organs and muscles, is not relevant in the study of perception and behavior. 
We shall treat the vegetation oF the world as arfttnals do, as if it we*e lumped tocher 
with the inorganic minerals of the world, with the physical, chemical, and geological 
environment. Plants in general are not animate; they do not move about, they do not 
behave, they lade a nervous system, and they do not have sensations. In these respects 
they are like the objects of physics, chemistry, and geology. 

The world can be described at different levels, and one can choose which level to 
begin with. Biolbf y begins with &\e divifion between the nonliving and the living. But 
psychology begins with the division between the inanimate and the animate, and this 
is where we choose to begin. The animals themselves can be divided in different ways, 
loolflgy^ elassiiies them by heredify and anatomy, by phykim, chss, order, genua, and 
species, but psychology can classify them by their way of life, as predatory or preyed 
upon, terrestrial or aquatic, crawling or walking, flying or nonilying, and arboreal or 
gmx^-hving. We are more interested in ways of life than in heredity. 

The environment consists of the surroundings of animals. Let us observe that in 
one sense the surroundings of a single animal are the same as the surroundings of all 
aitfmals'tmt (hat in ano^er sieffse^the surroundings of a single animal are different from 
those of any other animal These two senses of the term can be troublesome and may 
cause confusion. The apparent contradiction can be resolved, but let us defer the 
problem until later. (The solution lies in -the &ct that animals are mobile.) For the 
present it is enough to note that the surroundings of any animal include other animals 
as well as the plants and the nonliving things. The former are Just as much parts of its 
environment as the inanimate parts. For any anifnal needs to di$titiguish not only the 
substances and objects of its material environment but also the other animals and the 
differences between them. It cannot afford to confuse prey with predator, own-species 
w4th another species, or male with female. 



THE MUTUALITY OF ANIMAL 
AND ENVIRONMENT 



The fkct is worth remembering because it is often neglected that the words animal and 
environment make an inseparable pair. Each term implies the other. No animal could 
exist without an environment surrounding it. Equally, although not so obvious, an 
environment im^es an aaimSl ^ at least an etr^nism) to be surround^. This means 
that the surface of the earth, millions of years ago before life developed on it, was not 
an environment, properly speaking. The earth was a physical reality, a part of the 
universe, and the subject matter of ^}|Kgy. It wa$ a p^teittial einvirmment, pnereq- 
uisite to the evolution of life on this planet. We might agree to call it a world, but it 
was not an environment. 

The mutuality of animal and environment is not implied by physics and the physical 
sciences. The basic concepts of space, time, matter, and energy do not lead naturally 
to the organism-environment concept or to the concept of a species and its habitat. 
Instead, tiiey seem n> lead to tite id^ of an animal as an extremely eotnplm objeet of 
the physical world. The animal is thought of as a highly organized part of the physical 
world but still a part and still an object. This way of thinking neglects the fact that the 
animal-object is surrounded in a special way, that ait envifbifment is ambient for a 
living object in a different way from the way that a set of objects is ambient for a 
physical object. The term physical environment is, therefore, apt to get us mixed up, 
and it will usually be avoided in this book. 

Every animal is, in some degree at least, a perceiver and a behaver. It is sentient 
and animate, to use old-fashioned terms. It is a perceiver of the environment and a 
behaver in the eniKiroifment, But tMs is not to say ^t it perceives Ae world of physics 
and behaves in the space and time of physics. 



THE DIFFERENCE BETWEEN 
THE AiMIMAL ENVIRONMENT AND 
THE PHYSICAL WORLD 

The world physics encompasses everything from atoms through terrestrial objects to 
galaxies. These things exist at dilferent levels of size that go to almost unimaginable 
extremes. The physical world of atoms and their ultimate particles is measured at the 
level of milliontfas of a millimeter and less. The <astronon#cal world of stars itnd galaxies 
is measured at the level of light-years and more. Neither of these extremes is an 
environment. The size-level at which the environment exists is the intermediate one 
that is medstm^d ill nt!ltim6t6#s ind meters. The ordinary familiar things of the earth 



are of this size — actually a narrow band of.sizes relatiMe to the far extremes. The sizes 
of animals, similarly, are limited to the intermediate terrestrial scale. The size of the 
smallest animal is an appreciable fraction of a millimeter, and that of the largest is only 
a few meters. 

The masses of animals, likewise, are measured within the range of milligrams to 
kilograms, not at the extremes of the scale, and for good physiological reasons. A cell 
must have a iTtinimum of substances in order to permit biodieitiical reactions; living 
animals cannot exceed a maximum mass of cells if they are all to be nourished and if 
they are to be mobile. In short, the sizes and masses of things in the environment are 
conrparable with those ef the animals. 

UNITS OF THE ENVIRON M»NT 

Physical reality has structure at all levels of metric size from atoms to galaxies. Within 
the intermediate band of terrestrial siz^, the environment of animals and men is itself 
structured at various levels of size. At the level of kilometers, the earth is shaped by 
mountains and hills. At the level of meters, it is formed by boulders and chffs and 
canyons, and also by trees. It is still more finely structured at the level of millimeters 
by pebbles and crystals and particles of soil, and also by leaves and grass blades and 
plant cells. All these things are structural units of the terrestrial environment, what we 
loosely call the forms or shapes of our fatnffiarHvorld. 

Now, with respect to these units, an essential point of theory must be emphasized. 
The smaller units are embedded in the larger units by what I will call nesting. For 
example, canyons are nested within mountains; trees are nested within canyons; leaves 
are nested within trees, and cells are nested within leaves. There are f®rms within 
forms both up and down the scale of size. Units are nested within larger units. Things 
are components of other things. They would constitute a hierarchy except that this 
hierarchy is not categorical but fiill of transitions and overlaps. Hence, for the terrestrial 
environment, there is no special proper unit in terms of which it can be analyzed once 
and for all. There are no atomic units of the world considered as an environment. 
Instead, there are subordinate and superordinate units. The unit you choose for de- 
scribing the environment depends on the level of the environment you choose to 
describe. 

The size-levels of the world emphasized by modem physics, the atomic and the 
cosmic, are inappropriate for the psychologist. We are concerned here with things at 
the ecological level, with the habitat of animals and men, because we all behave with 
respect to things we can look at and feel, or smell and taste, and events we can listen 
to. The sense organs of animals, the perceptual systems (Gibson, 19666), are not 
capah\e of detecting atems or galaxies. Within their limits, however, these percep^al 



THE ANIMAL AND THE ENVIRONMENT 



systems are still capable of detecting a certain range of things and events. One can see 
a mountain if it is far enough away and a grain of sand if it is close enough. That (act 
is suHicieiitly wondeHul in itself to deserve Study, and it i^ one of the fett tfiat this 
book will try to explain. 

The explanation of how we human observers, at least some of us, can visualize an 
atom or a galaxy even if we Cannot see one will not be attempted at this stage of the 
inquiry. It is not so much a problem of perception as it is of thinking, and there will 
be more about this later. We must first consider how we can perceive the environ- 
rfiehf — how we apprehend the same things that our human ancestors did before they 
learned about atoms and galaxies. We are concerned with direct perc^^n, not so 
much with the indirect perception got by using microscopes and telescopes or by 
photographs and pictures, and still less with the kind of apprehension got by speech 
and writing. These higher-order modes of apprehension will only be considered in Part 
IV of this book, at the end. 



UNITS OF THE GROUND SURFACE 



The literal basis of the terrestrial environment is the ground, the underlying surface 
of support that tends to be on the average flat — that is to say, a plane — and also level, 
or perpendicular to gravity. And the ground itself is structured at various levels of 
metric size, these units being nested within we aOIBttier. The (act to be noted now, 
since it is important for the theory of perspective in Part II, is that these units tend to 
be repeated over the whole surface of the earth. Grains of sand tend to be of the same 
s^e everywhere, and so do ^bbles and rocks. Blades of grass are all mote or less 
similar to one another, and so are clumps of grass and bushes. These natural units are 
not, of course, perfectly uniform like the man-made tiles of a pavement. Nevertheless, 
even if their repettf ion is not metdcdtly regular, it is- stechastieally n^uhwv tkat is 
say, regular in a probabilistic way. In short, the component units of the ground do not 
get smaller as one goes north, for instance. They tend to be evenly spaced; and if they 
are scattered, they tend to be evenly scattered. 



THE TIME SCALE OF THE ENVIRONMENT: 
EVENTS 



Another difference between the environment to be described and the world of physics 
is in the temporal scale of the process and events we choose to consider. The duration 
of proccMS»sa^iie ^el o£the)<unMeii'^Mniaiy ib&Ri!^uri6d in millions of yearsHStf^^Sfe 



duration of processes at the level of the atom may be measured in millionths of a 
second. But the duration of processes in the environment is measured only in years 
and seconds. The vaiious life spans of the animals themselves fall within this range. 
The changes that are perceived, those on which acts of behaivior depend, are neither 

Figure 1.1 

The structure of the terrestrial earth as seen from above. 
In this aerial photoe;raph only the large-scale features of the terrain are shown. (Photo by Grant 
Heilman) 
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extremely slow nor extremely rapid. Human observers cMnOt perceive the erosion of 
a mountain, but they can detect the fall of a rock. They can notice the displacement of 
a chair in a room but not the shift of an electron in an atom. 

The same thing holds for fi equencies as for durations. The very slow cycles of the 
world are imperceptible, and so are the very rapid cycles. But at the level of a 
mechanical clock, each motion of the pendulum can be seen and each citek of the 
escapement can be heard. The rate of change, the transition, is within the limits of 
perceptibility. 

In this book, emphasis will be placed on events, cycles, and changes at the 
terrestrialiievel of the physical world. The changes we shall study are those that occur 
in the environment. I shall talk about changes, events, and sequences of events but 
not abcut time as such. The flow of abstract empty time, however useful this concept 
may be to the physicist, has no reality for an animal. We perceive not time but 
processes, changes, sequences, or so I shall assume. The human awareness ef clpfk- 
time, socialized time, is another matter. 

Just as physical reality has structure at all levels of metric size, so it has structure 
at all levels of metric duration. Terrestrial processes occur at the intermediate level of 
duration. They are the natural units of sequential structure. And once more it is 
important to realize that smaller units are nested within larger units. TheFe are events 
within events, as there are forms within forms, up to the yearly shift of the path of the 
sun across the sky and down to the breaking of a twig. And hence there are no 
elementary units of tempeisi'Structure. You can describe the events of the environment 
at various levels. 

The acts of animals themselves, like the events of the environment they perceive, 
described at various levels, as subordinate and super^dinnte acts. And die 
duration of animal acts is comparable to the duration #f environmental events. There 
are no elementary atomic responses. 

The natural units of the terrestrial environment and the natural units of terrestrial 
events should not be confused with the metrical units of space and time. The latter are 
arbitrary and conventional. The former are unitary in one sense of the term, and the 
latter are unilaiy fi # q«M diSereitt s^e. A siUgk^WtiM^ is^mt the^same as a standard 
of measurmnent. 



PERMANENCE AND CHANCE OF THE LAYOUT 

Space and time will not often be referred to in this book, but a great deal will be said 
about permanence and change. Consider the shape of the terrestrial environment, or 
\^t My^'^M^^ilii^ ^^|rWiMftll^a '#yM the layout the envijglMttt 




is both permanent in some respects and changing in some other respects. A living 
room, for example, is relatively permanent with respect to the layout of floor, walls, 
and ceiling, but every now and then the arrangement of the furniture in the room is 
changed. The shape of a growing child is relatively permanent for some features and 
changing for others. An observer can recognize the same room on different occasions 
while perceiving the change of arrangement, or the same child at different ages while 
noticing her growth, The permanence underlies the change. 

Permanence is relative, of course; that is, it depends on whether you mean 
persistence over a day, a year, or a millennium. Almost nothing is forever permanent; 
nothing is either immutable or mutable. So it is better to speak of persistence under 
change. The "permanent objects" of the world, which are of so much concern to 
psychologists and philosophers, are actually only objects that persist for a very long 
time. 

The abstract notion of invariance and variance in mathematics is related to what 
is meant by persistence and change in the environment. There are variants and invar- 
iants in any transformatien, constants and variables. Some properties are conserved 
and others not conserved. The same words are not used by all writers (for example, 
Piaget, 1969), but there is a common core of meaning in all such pairs of terms. The 
pif^ to be iMi^ is ^'^t fsr fi^rsislence and change, for invariant and variant, each 
term of the pair is reciprocal to the @ther. 

PERSISTENCE lU THE ENVIRONMENT 

The perMsfeiifee of the geometiieal lajfoiU mf ttie eilviiiciiKnenl depends in part on the 
kind of substance composing it and its rigidity or resistance to deformation. A solid 
substance is not readily changed in shape. A semisolid substance is more easily changed 
in shape. A liquid snb^iMe'^ices on whatever may be the shape of its solk) container. 
The upper surface of a liquid substance tends to the ideal shape of a plane perpendicular 
to gravity, but this is easily disturbed, as when waves form. When we speak of the 
permanent layout of the environment, llt@%feMB, we i^fer mainly to the solid sub- 
stances. The liquids of the world, the streams and oceans, are shaped by the sohds, 
and as for the gaseous matter of the world, the air, it is not shaped at all. I will argue 
that the air is actually a medium for terrestrial animals. 

When a solid substance with a constant shape melts, as a block of ice melts, we 
say that the object has ceased to exist. This way of speaking is ecological, not physical, 
for there is physical conservation of matter and mass despite the change from solid to 
liquid. The same would be true if a shaped object disintegrated, changing from solid 
to granular. The object does not persist, but the matter does. Ecology calls this a 
nonpersistence, a destruction of the object, whereas physics calls it a meK change of 
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state. Beth assevHons are covrect, but fhe fermer is mo*e selevant to (he behaivior of 
animals and children. Physics has sometimes been taken to imply that when a liquid 
mass has evaporated and the substance has been wholly dispersed in the air, or when 
an ok^ect has been consuified by fire, nothing has feaS$ gotie of existence. But thfs 
is an error. Even if terrestrial matter cannot be annihilated, a resistant light-reflecting 
suHace can, and this is what counts for perception. 

Going out of existence, cessation or destruction, a Idud of envirmimental event 
and one that is extremely important to perceive. When something is burned up, or 
dissolved, or shattered, it disappears. But it disappears in special ways that have 
re(%ntty been investigated at Cornell (Gibson, 1968a). It does not disapp^r in the way 
that a thing does when it becomes hidden or goes around a corner. Instead, the form 
of the object may be optically dispersed or dissipated, in the manner of smoke. The 
visual basis of this kind of perception will be further considered in Part II on ecological 
optics. 

The environment normally manifests some things that persist and some that do 
net, some features that are invariant and some that are variant. A who% invariant 
environment, unchanging in all parts and motionless, would be completely rigid and 
obviously would no longer be an environment. In fact, there would be neither animals 
nor pllihts. At the other extreme, an environment thA Was chSHging in all parts and 
was wholly variant, consisting only of swirling clouds of matter, would also not be an 
environment. In both extreme cases there would be space, time, matter, and energy, 
but thtsK w»utd he no habitat. 

The fact of an environment that is mainly rigid but partly nonrigid, mainly mo- 
tionless but partly movable, a world that is both changeless in many respects and 
changeable in others but is neither dead at one extreme nor chaotic at the other, is of 
great importance for our inquiry. This fact will become evident later when we talk 
about the geometry of the environment and its transformations. 



On Persistence and Chance 

Our &ilure to understand the ^^mcurrenc^ of peisistence and change at the ecological level is 
probity connected with an old irfw — the atomic theory (sf persiiteiftee and change, which asserts 
that what persists in the world are atoms and what changes in the world are the positions of atoms, 
or their arrangement. This is still an influential assumption in modem physics and chemistry, 
although it goes back to Democritus and the Creek thinkers who followed him. There will be 
more about the atomistic assumption in Chapter 6 on events and how they are perceived. 



MOTION IN THE ENVIRONMENT 

The motions of things in the environment are of a different order horn the motions of 
bodies in space. The fiindamental laws of motion hold for celestial mechanics, but 
events on earth do not have the elegant simplicity of the motions of pUnets. Events on 
eaith begin and end abruptly instead of being continuous. Pure velocity and acceler- 
ation, either linear or angular, are rarely observable except in machines. And there are 
very few ideal elastic bodies except for billiard balls, The terrestrial world is mostly 
made of surfaces, not of bodies in space. An^ these siii&ces often flow or undergo 
stretching, squeezing, bending, and breaking in ways of enormous mechanical 
complexity. 

So different, in fact, are environmental motions fi'om those studied by Isaac 
Newfrai that it is best to think of them as changes of structure rather than changes of 
position of elementary bodies, changes of form rather than of point locations, or changes 
in the layout rather than motions in the usual meaning of the term. 



SUMMARY 

The environment of animals and men is what they perceive. The environment is 
not the same as the physical world, if one means by that the world described by 
physics. 

The observer and his environment are complementary. So are the set of observers 
ami Ifeitr cMiwmi «n«Sr«nment. 

The components and events of the environment fall into natural units. These units 
are nested. They should not be confiised with the metric units of space and time. 

The environment persists in some nespetts and changes in other respects. The most 
radical change is going out of enistence err comfng into existence. 
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* TWO 



MEDIUM, SUBSTANCES, 
SURFACES 



According to classical physics, the universe consists of bodies in space. We are 
tempted to assume, therefore, that we Hve in a physical world consisting of bodies in 
space and that what we perceive consists of objects in space. But this is veiy dubious. 
The terrestrial environment is better described in terms of a medium, substances, and 
the surf aces that separate them. 



THE MEDIUM 

Let us begin by noting that our planet consists mainly of earth, water, and air — a solid, 
attquidi, and a gas. The earth forms a substratum; the water is formed by the substratum 
into oceans, lakes, and streams; and the formless, gases of the air make a layer of 
atmosphere above the earth and the water. The interface between any two of these 
three states of matter — solid, liquid, and gas — constitutes a surbce. The earth^water 
interface at the bottom of a lake is one such, the water-air interface at the top is 
another, and the earth-air interface is a third — the most important of all surfaces for 
terrestrial animals. This is Aground. It is the ground of their percepMon and behavior, 
both literally and figuratively. It is their surface of support, 

One characteristic of a gas or a liquid as contrasted with a solid is the fact that a 
detached solid body can move through it without sesistance. Air is "insubstantial" and 
so is water, more or less. It thus affords locomotion to an animate body. A gas or a 
liquid, then, is a medium lor animal locomotion. Air is a better medium for locomotion 
than water because it offers hess resistance. It does not require the streamlined anatomy 
needed by a fish for rapid movements. 

Another characteristic of a gas or liquid medium is that it is generally transparent, 
transmitting light, whereas a solid is generally o[m^ue, absorbing m reflecting' Nght. A 
homogeneous medium thus affords vision. The way in which it does so will be described 
m Part II. For the present it is sufficient to observe that a terrestrial medium is a 
region in which l^ht not only is transmitted but also reverberates, that is, bounces 



back and forth between surfaces at enormous velocity and reaches a sort of steady state. 
The light has to be continually replenished (irom a source of illumination because some 
of it is absorbed by the substances of the environment, but the reverberating flux of 
light brings about the condition we call illumination. Illumination "fills" the medium 
in the sense that there is ambient light at any point, that is, light coming to the point 
from all directions. Ambient light, as we shall see, is not to be confused with radiant 
light. 

A third characteristic of air or water is that it transmits vibrations or pressure 
waves outward from a mechanical event, a source of sound waves. It thus makes 
possible healing what we call the souad; mom e.xactly, it permits listening to the 
vibratory event. (The solid earth also transmits pressure waves, to be sure, but we do 
not ordinarily call them sound waves unless we are thinking in terms of physics. In 
physics a medium is any substance, including solids, that transmits waves,) 

A fourth characteristic is the fact that a medium of air or water allows rapid 
chemical diffusion whereas the earth does not. Specifically, it permits molecules of a 
foreign substance to diffuse or dissolve outward firom a source whenever it is volatile 
or soluble. In this way, the medium affords "smelling" of the sonrce, by which I mean 
detecting of the substance at a distance. 

Let us next obsarve that ttiitnal llScAinQKiOn is IKaal^' aimless but is guided or 
controlled— by light if the animal can see, by sound if the animal can hear, and by odor 
if the animal can smell. Because of illumination the animal can see things; because of 
sound it mwhewr thm^-, because "of diffusion it can smell things. The medium thus 
contains information about things that reflect light, vibrate, or are volatile. By detecting 
this information, the animal guides and controls locomotion. 

rf we understand the notien of medftiffi, T suggeSI, wa> edme to an entirely new 
way of thinking about perception and behavior. The medium in which animals can 
move about (and in which objects can be moved about) is at the same time the medium 
for light, sound, and odor coming from sources in H^e environment. An enclosed 
medium can be "filled" with light, with sound, and even with odor. Any point in the 
medium is a possible point of observation for any observer who can look, listen, or 
sniff. And these points of observation are contir.uously connected to one another by 
paths of possible locomotion. Instead of geometrical points and lines, then, we have 
points of observation and lines of locomotion. As the observer moves from point to 
point, the optical information, the acoustic information, and the chemical information 
change accordingly. Each potential point of observation in the medium is unique in 
this respect. The notion of a medium, therefore, is not the same as the concept of space 
inasmuch as the points in space are not unique but equivalent to one another, 

All these facts about moving bodies and about the transmission of light, sound, 
and odor in a medium are consistent with physics, mechanics, optics, acoustics, and 
chemistry, but they are facts of hjgker order lhat have never been made explicit by 
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those sciences and have gone unrecognized. The science of the environment has its 
own facts. 

Another important characteristic of a medium, it should now be noted, is that it 
contains oxygen and pemiits bfeathing. The principles of respiration are the same in 
the water as in the air; oxygen is absorbed and carbon dioxide is emitted after the 
burning of fiiel in the tissues. This ceaseless chemical exchange of substance is truly 
the "flame of life." The animal must breathe, whether by gills or by lungs. Ft must 
breathe all the time and everywhere it goes. Thus, the medium needs to be relatively 
constant and relatively homogeneous. 

Both the air and the water do afford breathing. The amount of oxygen in the air 
has not departed much from 21 percent in countless ages. The amount of dissolved 
oxygen in the water, although variable, tends to be sufficient. Animals have been able 
to rely on oxygen, and this is why evolution could proceed. Similarly, both the air and 
the water tend to be homogeneous, although fresh water differs from salt water. From 
place to place, the composition of air changes very little and the composition of water 
changes very gradually, ft« tbe temporary gradients that arise are dissipated by winds 
and currents. There are no sharp transitions in a medium, no boundaries between one 
volume and another, that is to say, no surfaces. This homogeneity is crucial. It is what 
permits light waves and sound waves to travel outward from a source in spherical wave 
fronts. Indeed, it is what makes a chemical emanation from a source foreign to the 
medium itself, and thus capable of being smelled. 

Finally, a sixth characteristic of a medium for animal Ufe is that it has an intrinsic 
polarity of up and down. Gravity pulls downward, not upward. Radiant light comes 
from above, not below, from the sky, not the substratum, and this is as true in the 
water as in the atmosphere. Because of gravity, water ppesttire and air pressure inCKease 
downward and decrease upward. The medium is not isotropic, as the physicist says, 
along this dimension. Hence it is that a medium has an absolute axis of reference, the 
vertical axis. Even the two horizontal axes of reference are not wholly arbitrary, for 
they depend on sunrise and sunset. This fact reveals another difference between 
medium and space, for in space the three reference ax.es are arbitrary and can be chosen 
at will. 



THE PROPCHTIES OF THE ATMOSPHERE 

To sum up, the characteristics of an environmental medium are that it affords respiration 
or breathing; it permits locomotion; it can be filled with illumination so as to figrmit 
vision; it allows detection of vibrations and detection of diffusing emanations; it is 
homogeneous; and finally, it has an absolute axis of reference, up and down. All these 
dfe rings of nature, these possibilities or opportunities, these affordances as I will call 
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them, are invariant. They have been strikingly eonstant throughout the whole evolution 
of animal life. 

EVENTS IN THE ATMOSPHERE 

The atmospheric medium, unlike the underwater medium, is subject to certain kinds 
of change that we call weather, Sometimes there are drops or droplets of water in the 
air, rain or fog. Annually, in some latitudes of the earth, the air becomes cold and the 
water turns to ice. Occasionally the air currents flow strongly, as in storms and hurri- 
canes. Rain, wind, snow, and cold, the latter increasing toward the poles of the earth, 
prevent the air from being perfectly homogeneous, uniform, and unchanging. The 
changes are rarely so extreme as to kill off the animals, but they do necessitate various 
kinds of adaptation and all sorts of behavioral adjustments, such as hibernation, migra- 
tion, shelter-building, and clothes-wearing. 



SUBSTANCES 

Consider next the portion of the environment that does not fieely transmit hght or 
odor and that does not permit the motion of bodies and the locomotion of animals. 
Matter in the solid or semisolid state is said to be substantial, whereas matter in the 
gaseous state is insubstantial, and matter in the hquid state is in between these 
^iMcfsmes. Silbst^^bes in this meaninf «f4&e t^tn are mere or less rigid. That is, they 
are more or less resistant to deformation, more or less impenetrable by solid bodies, 
and more or less permanent in shape. They are usually opaque to light. And the 
substantial portion of tile environment is heterogeneom uD^fe the medium, which 
tends to be homogeneous. 

The substances of the environment differ in chemical composition. As everybody 
knows, there is a limited set of chemical elements, ninety or a hundred, and a much 
larger set of chemical compounds. More important for our purposes is the fact that 
there is an unlimited set of mixtures of elements and compounds, some being homo- 
geneous mixtures and some not. The latter, the heterogeneous mixtures, may be called 
aggregates. The air is a homogeneous mixture of oxygen and nitrogen with carbon 
dioxide; the water is a homogeneous mixture of HjO with dissolved oxygen and salts. 
But the earth, together with the "fiimiture" of the earth, is a heterogeneous aggregate 
of different substances. 

Rock, soil, sand, mud, clay, oil, tar, wood, minerals, metal, and above all, the 
various tissues of plants and animals are examples of environmental sulsstances. Each 
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of these has a more or less specific composition, but almost none is a chemical com- 
pound, a pure chemical of the sort that is found on the shelves of chemistry laboratories. 
A lew sulistances such as clay are amorphous, that is, lacking in structural components, 
but most of them are geometrical aggregates, that is, they are made of crystals and 
clumps, of cells and organs, of structures within .structures. These substances rather 
than chemicals are important for animals, lor they must distinguish these in order to 
live. 

what a substance is composed of can be analyzed at various levels. There is the 
compounding of chemical elements, but there are also the mixing of compounds and 
the complex aggregating of mixlures. Whiiin we iA ^K>'iit (he compttsifion of a sub- 
stance, « hat it is made of, we must keep in mind the level of analysis that is appropriate 
to the problem being considered. 

Why -animati: n@<^ M Jisteipii^ti ameng the dlffewirt substances of Ihe envven- 
ment is obvious. The substances have different biochemical, physiological, and behav- 
ioral effects on the animal. Some are nutritive, some are nonnutritive, and some are 
toxic. And !t ts very usefii] l%r a hHagry<ani[i»l to be ^le tQ di&fillgwh the edible fmm 
the inedible substances at a distance, by \ision or smell, rather than relying only on 
contact sensltivitv, taste or touch. 

Substances differ in -dl sorts «f -ways. Tfey diflvr in hardnms or rigii^y. They 
differ in viscosity, which is technically defined as resistance to flow. They differ in 
density, defined as mass per unit volume. They difi er in cohesiveness or strength, that 
is, resistance to breeiking. They diff er in vhstieitii, the tendency to re<gatt\ the pWiVio«s 
shape alter deformation. They diffier in plasticity, the tendency to hold the subsequent 
shape after deformation. Presumably all these properties of substances are explainable 
by Ae microphysical fsm^ of #tracti«ii aiMini; moleMl^, but they do n9t have to be 
analyzed at this level in order to be facts. Flint and clay were distinguishable substances 
for our primitive, tool-making ancestors long before men understood chemistry. So 
were wood, bone, and ffber. 

Substances considered as compounds differ in their susceptibility to chemical 
reactions, in their degree of solubility in water, in their degree of volatility in air, and 
thus in their chemical stability or resistance to dlfeini^iil transferitiatien. And lliey also 
differ, as will be emphasized later, in the degree to which they absorb light; a substance 
such as txjal absorbs most of the light falling on it, whereas chalk, for example, absorbs 
very little of tha li^ lifHing on Vt. 

The substances of the environment change, of course, both structurally and chem- 
ically. Some solids dissolve, and their surfaces cease to exist. Leaves shrivel, and plants 
decompose. Ahimals decfey and f^urh' th^ir substances to the eiWiM>ffn*nt. MMl 
rusts, and even the hardest rock eventually disintegrates into soil. The cycles of such 
changes are studied in ecology. Their causes at the molecular level of analysis are 
chemical and physical; they are governed by microphysical forces and by chemical 
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reactions of the sort that chemists isolate and control in test tubes. But these changes 
also occur at a molar level of analysis as contrasted with the molecular level, and then 
they are environmental events, ifot simply physlpoc'hemical events. Large-scale chem- 
ical reactions are visible. The event we call combustion or fire is large-scale rapid 
oxidation. This is of enormous importance to animals, and they look out for it. But 
other forms of oxidation are too slow to be easily observed, the rusting of iron, for 
example. 

A great many substances of the environment, of course, do not change either 
structurally or chemically, and the nondhange is even more important than the change. 
It is chiefly on this account that the environment is persistent. But also, even when 
substances change, they are often restored by processes of growth, compensation, and 
restitution so that an equilibrium or steady state arises and #ere is invariance despite 
change — an invariance of higher order than mere physicock^mical persistence. 

THE ST.\TUS OF WATER: MEDIUM 
OR SUBSTANCE? 

We must decide how we are to consider water. It is the medium for aquatic animals, 
not a substance, but it is a substance for terrestrial animals, not the medium. It is 
insubstantial when taken with reference to the aquatic environment but substantial 
wht . taken with reference to the terrestrial environment. This difficulty, however, 
does not invalidate the distinction but only makes it depend on the kind of animal 
being considered. The animal and its environment, remember, are reciprocal terms. 
The mediums of water and air have much in common, but they are sufficiently different 
to make it necessary hereafter to concentrate on the environment of terrestrial animals 
like oorselves. For us, water falls into the category of substances, not medium, 

The underwater meditusi iS;i>ounded both above and below, by a surface of water- 
to-air and a surface of water-to-mud. The atmospheric medium is bounded only below, 
by a surface of air-to-earth (or air-to-water), and it has no definite upper boundary. The 
fish is buoyed up by its medium and needs no surface of support. Our kind of animal 
must hold itself up off the ground with eff'ort, working to maintain posture and equi- 
librium. The fi sh is cradled in the water and is never in any danger of falling down or 
falling off. VVe are always in such danger. The fish need never make contact with the 
bottom. But we cannot for long avoid contact with the earth, and only upon the earth 
can we come to rest. All animals — in the water, on the ground, or in the air — must 
orient to gravity in order to behave, that is, they must keep right side up (Gibson, 
1966i), Ch. 4), but this basic orienting activity is different in the fish, the quadruped, 
and the bird. 

Sbme animals, to be sure, can get about in botih water and air: the amphibians. 
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They live an interesting life, and how they can perceive in either environment is a 
problem very much worth study. The interface between air and water is not the barrier 
for them "Aiat it is for us. Humans can temporarily wear aqualungs, bwt mA for long. 
We are terrestrial animals. Heeeafter, I will concentrate on the terrestrial environment 
of animals like ourselves. 

We will also leave out of account very small animals that live in the soil. Eartt)- 
worms and microorganisms actually get about in the spaces between solid particles that 
contain both air and water, so they do not constitute exceptions to the general rule 
relating medium and substances. 

CONCLUSIONS ABOUT SUBSTANCES 

To summarize what has been said about substances, they differ in both chemical and 
physical composition. They are compounded and aggregated in extremely complicated 
ways and thus do not tend toward homogeneity, as the medium does. They are 
structured in a hierarchy of nested units. And these different components have very 
difl'erent possibilities for the behavior of animals, for eating, for resisting locomotion, 
for manipulation, and for manufacture. 

SURFACES AND THE ECOLOGICAL LAWS 
OF SURFACES 

For describing the environment, we have now established the triad of medium, sub- 
stances, and sutifoces, ^I(7wing h&th per^stence and change. The medium is sepa- 
rated fi-om the substances of the environment by swfaces. Insofar as substances persist, 
their surfaces persist. All surfaces have a certain layout, as I will call it, and the layout 
ali« trends to persist. The pefsistence- of the layout depends on the itisiStanoe of the 
substance to change. If a substance is changed into the gaseous state, it is no longer 
substantial and the surface together with its layout ceases to exist. These statements 
provide a new way of d^iritoig the environment. 

For our puqjoses, this description is superior to the accepted description in tenns 
of space, time, matter and material bodies, the fonns of these bodies, and their motions. 
It im novel, btft only 4n the sense flrat it has^ever been explicitly ^ted. Everything 
in the above paragraph has long been known implicitly by practical men — the surveyors 
of the earth, the builders, and the designers of the environment. It is tacit knowledge 
(Polanyi, 1966). T\iSs destH'iption is Sliperior because it is appiropiiate to the s^]% lof 
the perception and behavior of animals and men as a function of what the environment 
affords, that is, to psychology. 

The above description, to be eomplete, shoi^ include the reverberating flux of 
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light in the medium. The way in which light is absorbed and reflected at surfaces and 
the way this action depends on the compositioii of the substances should also be 
c^Sidered. At the ecological level of size, surfaces Soak up or throw back the illumi- 
nation falling upon them, although at the atomic level of size, matter and light energy 
are said to interact. Substances are substantial with respect to light as much as they are 
substantial with respect to force. They resist the penetration of light as they resist the 
penetration of a moving body. And substances differ among themselves in the former 
respect as much as they do in the latter. 

In our tbncefn with Surfeees and thefir purely geometrical layout, we must not 
forget that the air is filled with sunlight during the day and that some illumination 
always remains, even during the night. This lact, too, is an invariant of nature. Light 
comes from the sky and becomes ambient in the air. This is what makes persisting 
surfaces potentially visible as well as potentially tangible. How they are actually seen 
by animals with eyes is the problem of this book (although admittedly we are arriving 
at the problem only by slow stages). .\ potentially visible surface is one that could be 
looked at fi om some place in the medium wh^« an animal might be. Nothing is implied 
about the actual stimulation of an eye, not yet. .\nd no slightest reference is made to 
sensations of vision. 

No mentron has yet been made of luminous surfaces such as very hot bodies that 
emit light, or of flat surfaces of transparent substances such as glass that transmit light 
with refraction, or of polished flat surfaces such as mirrors that reflect light "regularly." 
Emission, absorption, transntission, refraction, and diffraction refer to abstract laws of 
physical and geometrical optics. It may be possible to combine them in complex ways 
to explain the gross facts of illuminated terrestrial surfaces, but that possibihty is 
something t» be considered later, 

Why, in the triad of medium, substances, and surfaces, are surfaces so important? 
The surface is where most of the action is. The surface is where light is reflected or 
absofbed. Hot the interior <# the substense. The sufBc*^ f« what ftttiches the animal, 
not the interior The surface is where chemical reaction mostly takes place. The surface 
is where vaporization or diffusion of substances into the medium occurs. And the surface 
is where vibrations of the sybstanees arfe transmftt^'^e-fine wiedium. 

A fonnulation of what might be called the ecological laws of surfaces would be 
useful. The following laws are proposed, without any claim of completeness. The list 
will serve, however, to SkNis fhte di#tis:#i«ii, aAd # ^o provides an outline of what is 
to follow. The laws are net independent of one another and must be considered in 
combination. 

1. All persisting substances have surfaces, and all surfaces have a layout. 

2. Any surface has resistance to deformation, depending on the viscosity of the 



MEDIUM. SUBSTANCES, SURFACES 
on 



i 



3. Any surface has resistance to disintegration, depending on the cohesion of the 
substance. 

4. Any surface has a characteristic texture, depending on the composition of the 
substance. It generally has both a layout texture and a pigment {extart. 

5. Any surface has a characteristic shape, or large-scale layout. 

6. A sur&ce may be strongly or weakly illuminated, in light or in shade. 

7. An illuminated surface may absorb either much or little of the illuminaHon falling 
on it. 

S. A surface has a characteristic reflectance, depending on the substance. 

9. A surface has a characteristic distribution of the reflectance ratios of the diffierent 
wavelengths of the light, depending on the substance. This property is what I will 
call its color, in the sense that difterent distributtMfs constitute different colors. 



SUBSTANCE, SURFACE, LAYOUT, 
AND PERSISTENCE 

The first law above merely summarizes what has been emphasized repeatedly about 
the substantial persisting surfaces of the environment. Combined with the second law, 
it explains why the level terrestrial surface, the ground, offers support for animals. 
They can crawl on the earth as a lizard or a human infant does, or they can walk or run 
on it because it is solid. But the law of layout also applies to surfaces like walls and 
obstacles that are baniers to locomotion — surfaces with which they will collide unless 
they stop short. A surface can be laid out parallel to gravity as well as perpendicular 
to it, so that surfaces can surround them as well as support them, A surface can even 
be held up by walls so as to be above them, that is, there can be a roof over their 
heads as well as a floor under their feet. A medium can be more or less enclosed by 
surfaces, and a cave, or a burrow, or a house is such an enclosure. 

RESISTANCE TO DEFOEMATION 

The second law allows for variation in the solidity of surfaces. It says that substances 
vary in the degree to which th^ resist de&Fiiiatidn, fmm ^igtd to plastic ft> semisolid 
to li«[uid. When measured in terms of resistance tofiow, this variable is called viscosity. 
The more fluid or flowing the substance, the more penetrable the surface, and the 
more changeable (less permanent) the layout. This law implies that the bog orsWaemp 
offers practically no support for standing or walking to heavy animals, and that the pond 
or lake offers no support, There will be more about the perception of a surface of 
support by terrestrial animals in Chapter 9. 



HE.E?iyiBQMMENTTQ BE PERCEIVE.P 



With respect to obstacles, the second law implies that the surfaces of flexible 
substances are yielding or can be pushed aside, whereas the surfaces of rigid substances 
cannot. With respect to fluid substances, this law implies that fluid surfaces are poly- 
morphic in the extreme; they can be poured, spilled, and splashed, and they can be 
smeared, painted, and dabbled in. The human infant explores these possibilities with 
great zest; the adult artisan has learned to perceive and take advantage of them. 



RESISTANCE TO DISINTEGRATION 

The third law allows for variation in the degree to which surfaces are breakable or go 
to pieces. The surface of a viscoelastic substance will stretch and remain continuous 
under the application of a force, whereas the surface of a rigid substance may be 
disrupted and become discontinuous. This distinction, incidentally, is fundamental to 
topology, the branch of mathematics sometimes called "rubber sheet geometry," in 
which it is assumed that a plane (actually a surface) can be bent or curved or stretched 
or compressed but cannot be torn. 

The second and third laws explain why clay can be pressed into the shape of a pot, 
whereas flint has to be chipped into the shape of an axe. And they explain why the pot 
and the axe become useless when broken. These laws imply that a house of glass is a 
poor place to live and the person who li^fes in pne should certainly not throw stones. 



dft**'ACTE'ff!iTIC TB^^TURE 

The fourth law concerns what I call texture, which might be thought of as the structure 
of asmfade, as distinguished fi-om the structure of the substamse underlying the surface. 
We are talking about the relatively fine stnicture of the environment at the size-level 
around centimeters and millimeters. Surfaces of rock, or of plowed soil, or of grass are 
aggregated of different units— crystals, clumps, and grass blades, respectively — but 
these units are nested within larger units. 

The texture of a surface arises from two main facts: first, a natural substance is 
seldom homogeneous but is more or less aggregated of difiierent homogeneous sub- 
stances; and second, it is seldom amorphous but is more or less aggregated of crystals 
and chunks and pieces of the same stuff. Hence, the surface of a natural substance is 
also neither homogeneous nor amorphous but has both a chemical and a physical 
texture; it is generally both conglomerated and corrugated. It has what I will call a 
pigment texture and alayout texture. It is generally both speckled and rough. 

"Tte says iliat a perfectly homt>geneeus and perfectly smooth surface is an abstraet 
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limiting case. A polished surface of glass approximates to it, but it has to be manufac- 
tured. Mirrors are rare in nature (although the stilJ surface of the pool into which 
Narcissus gazed is a natural mirror). 

When the chemical and geometrical units of a surface are relatively small, the 
texture is fine; when they are relatively large, the texture is coarse. If the units are 
sufficiently distinct to be counted, the density of the texture can be measured as the 
number of units in an arbitraiy unit of area, a square centimeter or meter. But this is 
often very hard to do because units of texture are generally nested within one another 
at different levels of size. The texture of commercial sandpapaer can be graded from 
fine to coarse, but the textures of vegetation cannot. Moreover, the units of texture 
vary in form, and there are forms within forms, so that the "form" of a texture escapes 
measurement. The ideal pigment texture of a checkerboard and the ideal layout texture 
of a tessellated surface are rare. 

The law says that rock, shal^, soil, and humus have diff erent textures and that 
mud, clay, sand, ice, and snow have different textures. It says that the bark and tlie 
leaf and the fruit of a tree are differently textured and that the surfaces of animals are 
differently textured, by fur, feathers, or skin. The surfaces of the substances from which 
primitive men fashioned tools have different textures — flint, clay, wood, bone, and 
fiber. The surfaces of the artificial environment — plywood, paper, fabric, plaster, 
brick— have different textures. The surfaces with which man is beginning almost to 
carpet the earth are difierently textured — the pavements of concrete, asphalt, and other 
aggregates. The texture in each case specifies what the substance is, what the sui&ce 
is made of, its composition. And that, as noted above, is something of great importance. 
The relations between the layout texture of a surface, the pigment texture, and the 
shadow texture are complex; they will be considered below and in Chapter 5. 

It is important to understand the determinants of surface texture, so that we will 
later be able to understand what I call optical texture when this notion is introduced 
in Part II. The twe aiie not at all the same thing. It is enough to observe now that 
surfaces are homogeneous only as a limiting case — for example, the plaster wall behind 
a stage setting that looks like the sky from a distance — and that surfaces are smooth 
only as a limiting tase, svmh as a sheet of plate glass and a mirror. Under certain 
conditions a homogeneous, very smooth, flat, large sucbce is not visibte ^jt^i^eiSiaR or 
animal with ordinary eyesight. 

CHARACTERISTIC SHAPE 

The fifth law has to do with the layout of the environment on a scale that is relatively 
large — its coarse structure or macrostructure. A surface can often be analyzed into 
facets, and a layout can ofiten be analyzed into faces. Tbts terminelofi' to/acmg, 



that is, facing or not facing the source of illumination and facing or not facing the point 
of observation . For the present, let us take a surface to mean a flat surface, a face, and 
a layout of adjoining surfaces to tnean a s^ of faces meeting at dihedral angles, that is, 
edges and corners. These terms will be defined later. 

The law has to do with surface layout at the size-level of environmental enclosures 
and environmental obiects. It asserts that enclosures and objects have characteristic 
shapes. Enclosures differ in shape as, for example, a cave, a tunnel, and a room differ. 
Objects differ in shape as, for example, the polyhedrons of solid geometry differ (the 
tetrahedron, pyramid, cube, octahedron, and so on) and in all the ways that the 
irregular polyhedrons differ. These geometrical solids, so-called, progress toward enor- 
mous complexity, but they can all be analyzed in terms of three components called 
faces, edges, and vertices. These components have meaning for environmental objects 
because, for example, the edge is characteristic of a cutting tool and the vertex is 
characteristic of a piercing tool. 

Obviously, differently shaped enclosures afford different possibilities of inhabiting 
them. .\nd differently shaped solids afford different possibilities for behavior and 
manipulation. Man, the great manipulator, exploits these latter possibilities to the 
utmost degree. 

HIGH AND LOW ILLUMINATION 

The sixth law says that the light falling on a surface, the incident light, may be high or 
low, intense or dim, but that generally there is some illumination even at night. The 
completely dark room of the vision laboratory, like the deep interior of a cave, is a 
limiting case. 

The amount of sunlight falling on a terrestrial surface depends on the condition of 
the atmosphere, clear or cloudy; but it also depends on two other factors that combine: 
the position of the sun in the sky and the orientation of the surface relative to the sky. 
It should be remembered that light comes from the whole sky as well as fiom the sun, 
and from other reflecting surfaces as well. Light reverberates between the sky and the 
earth and between surfaces. Direct illumination from a source is always mixed with 
indirect illumination. The incident light is never unidirectional, as it would be in empty 
space, but more or less omnidirectional. Nevertheless, there is always a "prevailing" 
illumination, a direction at which the incident light is strongest. 

A surface facing the prevailing illumination will be more highly illuminated than 
a surface not facing it. This seems to be a general principle relating illumination to 
surface layout. This principle means that the different adjacent faces of the environment 
will be differently illuminated at any given time of day. But it also means that the faces 
lin^r high i^MiindtSoh early in the day will hm tfni^ low illumination late in the day 



MEDIUM. SU BSTANCES. SURFACES 



and vice versa because of the motion of the sun across the sky, This daily exchange 
between the hghted state and the shaded state of a given surface is an important but 
littJe noted fact about the environment. It will be (iirther elaborated in Chapter 5. 



HIGH AND LOW ABSORPTION OF LIGHT 

The seventh law says that, of the illumination falling on a surface, more or less will be 
absorbed by it depending on the chemical composition of the substance. Certain 
Sub^lices hke pure carbon absorb much, aittt others like ehslk aibsorb little. This is 
why carbon is black and chalk is white. 

In optics there are two alternatives to the absorption of Ught by a surface, trans- 
mission and reflection. For present purposes, only reflection will be emphasized, 
because most surfaces are not transparent like optical glass and pure water but are 
opaque. And in any case no substance is perfectly transmitting. Only the medium itself 
ever approximates to perfect transmission. A surface that transmitted all the light falling 
on it would not be a surface but would be the mere ghost of a surface, like the 
insubstantial fiction of a geometrical plane. Sheets of polished glass and surfaces of still 
water only trariSiffit enough of the incident light to be ealled transparent. 



CHARACTERISTIC REFLECTANCE 

The eighth law is a corollary of the seventh. It says that the amount of light bounced 
back into the medium, instead of being soaked up by the surface, is a characteristic of 
the substence-. T%at is, the ratio of light reflected to light incident is a constant for any 
given compound or any homogeneous mixture. This ratio is the reflectance of a surfece. 

Coal has a low reflectance (about 5 percent), and snow has a high reflectance (about 
80 p^c^nt). When substances @{ tltiS' sort are con^onwiitled, the surf'^e will have 
what.l called a pigment texture; it wdl b@ speckled. Granite and marble are substanees 
whose surfaces are mottled or variegated in this way. 

CHARACTERISTIC SPECTRAL REFLECTANCE 

The ninth law of ecological surfaces asserts that a surface has a characteristic distribution 
of the reflectance ratios of the different wavelengths of the incident light and that these 



different distributions constitute different colors, The word color here means hue, or 
chromatic color as distinguished from achromatic color, the variation of black, gray, 
and white. 

For animals and humans, the colors of surfaces as defined above are more important 
than the colors of sunsets, rainbows, and flames. They specify the ripeness or unripeness 
of fi'uit and distinguish the leaf from the fiower. Along with the textures of those 
surfaces, the colors help to distinguish feathers and fur and skin. Surface color is 
inseparably connected with surface texture, for colors often go with textures, and 
colored objeets we to be particolored. The celer and texture of a surface together 
specify the composition of the substai^ce, what it is made of, and this is important, as 
noted above. 



THE QUALITIES OF SUBSTANTIAL SURFACES 

A tentative classification of surfaces is now possible. First, there are luminous surfaces 
as distinguished from illuminated surfaces, those that emit light and those that do not. 
Second, there are more illuminated and less illuminated surfaces, those we call lighted 
and shaded. Third, there are the surfaces of volumes as distinguished firom the surfaces 
of sheets and films. Fourth, there are opaque surfaces as distinguished fix>m semitrans- 
parent and translucent surfaces; these forms of nonopaqueness will be further analyzed 
in Part II. Fifth, there are smooth surfaces and rough surfaces, the former being of two 
kinds, glossy and matte, and the latter having a great variety of forms of roughness. 
The distinction between smooth and rough is not as simple as it sounds but, in general, 
implies the mirror-reflecting of light at one extreme and the scatter-reflecting of light 
at the other. Sixth, there are homogeneous and conglomerated surfaces, the former 
being monocolored and the latter particolored; the "color" of a surfece or of any bit of 
a surface refers to both its overall reflectance (black, gray, or white) and its spectral 
reflectance (hue). Finally, seventh, there are hard, intermediate, and soft surfaces, 
depending on the substajHS^ that underlies the surface. 

These seven modes or qualities take the place of the so-called modes of appearance 
of color (Beck, 1972). And, when surface layout is also considered, they take the place 
of the so-called qualities of objects, color on the one hand and "form, size, position, 
solidity, duration, and motion" on the other. These latter are John Locke's "primary" 
qualities, those that were supposed to be "in the objects" instead of merely "in us." 
This distinction between primary and secondary (pIlUtMis if qiitt^i unnecessary and is 
wholly rejected in the above description. 
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SUMMARY 



We live in an environment consisting of substances that are more or less substantial; 
of a medium, the gaseous atmosphere; and of the surfaces that separate the substances 
from the medium. We do not live in "space." 

The medium permits unimpeded locomotion from place to place, and it also 
permM the »seing, smiling, and hearii^ of thfe substances at all ^ces. Locomotion 
and behavior are continually controlled by the activities of seeing, smelling, and 
hearing, together with touching. 

The substances of the environment need to be distinguished. A poweHRil way of 
doing so is by seeing their surfaces. 

A surface has characteristic properties that can persist or change, such as its layout, 
its texture, the property of being lighted of shaded, and the property of reflecting a 
certain fraction of the illumination falling on it. 
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THE MEANINGFUL 
ENVIRONMENT 



The world of physical reality does not consist of meaningful things. The world of 
ecological reality, as I have been trying to describe it, does. If what we perceived were 
the entities of physics'and mathematics, meanings would have to be impesed on them. 
But if what we perceive are the entities df environmental science, their meanings can 
be discovered. 



A NOMENCLATURE FOR SURFACE LAYOUT 

Consider first the difference between the terms used in describing what I have called 
the layout of a habitat and the terms used in geometry. Surfaces and the medium are 
ecological terms; planes and space are the nearest equivalent geometrical terms, but 
note the differences. Planes are colorless; surfaces are colored, Planes are transparent 
ghosts; suf are gendfiitty opaque and itii»stantilftli fSte intersection two planes, 
a line, is not the same as the junction of two flat surfaces, an edge or comer. I will try 
to define the ecological terms explicitly. The following terminology is a first attempt at 
a theoiiy of sttrftce layout, a s»rt of api^ied geometry '#tat is appropriate for the study 
of perception and behavior. 

The ground refers, of course, to the surface of the earth. It is, on the average, 
level, #iait is to !®y, pei^endieul* to ^e fiKtige of gravity. It is the reference surface for 
all other surfaces. It is also said to be horizontal, and this word refers to the horizon 
of the earth, the margin between earth and sky, a fact of ecological optics that has not 
yet been considered, f^tte that both gravis and the ^y %re>4inplied by the ground. A 
special case of the ground is a floor. 

An open environment is a layout consisting of the surface of the earth alone. It is 
a limitftig case, only realized in a perfectly level desert. The surface of the earth is 
usually more or less "wrinkled" by convexities and concavities. It is also more or less 
"cluttered"; that is, it is not open but partly enclosed, There will be much more of this 
to Part II. 



An enclosure is a layout of surfaces that surrounds the medium in some degree. 
A wholly enclosed medium is a limiting case, at the other extreme from an open 
environment. It is only realized in a winddwifss cell tTi^ does not afford entiy or exit. 
The surfaces of an enclosure all face inward. An egg or cocoon, to be sure, is a wholly 
enclosed environment for an embryo or a pupa, but eventually it has to be broken. 

A detached object refers to a layout of surfaces completely surrounded by the 
medium. It is the inverse of a complete enclosure. The surfaces of a detached object 
all fate outward, not inward. This is not a limiting case, for it is realized in objects that 
are moving or are movable. Animate bodies, animals, are detached objects in this 
sense, however much they may otherwise differ from inanimate bodies. The criterion 
is that the detached object can be moved without breaking or rupturing the continuity 
of any surface. 

An attached object refers to a layout of surfaces less than completely surrounded 
by the medium. The substance of the object is continuous with the substance of another 
surface, often the ground. The sui&ce layout of the object is not topologically closed 
as it is fcr the detached object and as it also is for the complete enclosure. An attached 
object may be merely a convexity. 

It may be noted that objects are denumerable, they can be counted, whereas a 
substance is not denumwable and neither is the ground. Note also, parenthetically, 
that an organism such as a tree is an attached object in the environment of animals 
since it is rooted in the ground like a house with foundations, but it is a detached 
object, a whole orgaaisan when considered as a plant with roots between soil particles. 

A partial enclosure is a layout of surfaces that only partly encloses the medium. 
It may be only a concavity. But a cave or a hole is often a shelter. 

A hollow object is an object that is also an enclosure. It is an objeot itSm the 
outside but an enclosure from the inside, part of the total surface layout facing outward 
and the other pait inward. A snail shell and a hut are hollow objects. 

A place is a location in the environment as contrasted with a point in space, a 
more or less extended surface, or layout. Whereas a point must be located with 
reference to a coordinate system, a place can be located by its inclusion in a larger 
place (for example, the fireplace in the cabin by the bend of the river in the Great 
Plains). Places can be named, but they need not have sharp boundaries. The habitat 
of an animal is made up of places. 

A sheet is an object censisting of btvo parallel suttees eitdosing su^tance, the 
surfaces being close together relative to their dimensions. A sheet should not be 
confiised with a geometrical plane. A sheet may have flat surfaces or curved surfaces, 
and it may be flexible or freely changeable in shape. A membrane of the sort found in 
living bodies, permeable or impermeable, is an example of a sheet. 

A. fissure is a layout consisting of two parallel surfaces enclosing the medium that 
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are very close together relative to their siee. The surfaces of rigid solids often have 
fissures (cracks). 

A stidk is an elongated object. 

A fiber is an elongated object of small diameter, such as a wire or thread. A fiber 
should not be confused with a geometrical line. 

A dihedral, in this terminology, refers to the junction of two flat surfaces and 
should not be confused with the intersection of two planes in abstract geometry. A 
convex dihedral is one that tends to enclose a substance and to make an edge; a concave 
dihedral is One that tends to enclose the medium and to make a corner. You cannot 
bark your shin on the intersection of two limitless planes or on the apex of an abstract 
dihedral angle. Neither can you do so on a comer; you can only do so on an edge. A 
sharp edge is an acute convex dihedral. The termination of a sheet will be called a cut 
edge. 

Parenthetically, it may be noted that the last five entities, fissure, stick, fiber, and 
the two kinds of dihedral, convex and cencave, are all embodiments of a line in 
geometry and that all of them are to be distinguished from antargin or border. A line 
is a sort of ghost of these different entities. 

A curved convexity is a curved sur&ce tending to enclose a substance. 

A curved concavity is a curved sur&ce tending to enclose the medium. 

The foregoing terms apply to surface geometry as distinguished fi om abstract 
geovietry. What are the differences between these two? A surface is substantial^ a plane 
is not. A surface is textured; a plane is not. A surface is never perfectly transparent; a 
plane is. A surface can be seen; a plane can only be visualized. 

Moreover, a surface has only one side; a plane has two. A geometrical plane, that 
is, must be conceived as a very thiti sheet in space, not as an interface or boundary 
between a medium and a substance. A surface may be either convex or concave, but 
a plane that is convex on one side is necessarily concave on the other. In surface 
geometry rtie junction of two flat surfaces is either an edge or a comer; in abstract 
geometry the intersection of two planes is a line. A surface has the property of facing 
a source of illumination or a point of observation; a plane does not have this property. 
In suiface £e<oihetty an object and an eneiosure can be distinguished; in abstract 
geometry they cannot. 

Finally, in abstract analytic geometry the position of a body is specified by coor- 
dinates On three chosen axes or dimensions in isotropic space; in surface geometry the 
position of an object is specified relative to gravity and the ground in a medium having 
an intrinsic polarity of up and down. Similarly, the motion of a body in abstract 
geometry is a change of position aloi^ out or more of the dimensions of space, or a 
rotation of the body (spin) on one or more of these axes. But the motion of an object 
in surface geometry is always a change in the overall surface layout, a change in the 
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shape of the environment in some sense. And since environmental substances are often 
not rigid, their surfaces often undergo deformation, and these motions-— stretching, 
squeezing, bending, twisting, flowing, afid the like — are not the motions of abstract 
bodies. 



WHAT THE ENVIRONMENT AFFORDS 
THE ANIMAL 

The environment of any animal (and of all animals) contains substances, s^faces and 
their layout, enclosures, objects, places, events, and the other animals. This description 
is very general; it holds true for insects, birds, mammals, and men. Let us now attempt 
a more particular description, selecting those surfaces, layouts, objects, and events that 
are of special concern to animals that behave more or less as we do. The total environ- 
ment is too vast for de^^ton e*«n by the ecologist, and we shoulii select those 
features of it that are perceptible by animals like ourselves. A fiirther treatment of what 
the environment affords will be given later, in Chapter 8. 



TERR.AIN FEATURES 

The level ground is only rarely an open environment, as noted a few pages back. It is 
usually cluttered. An open environment affords locomotion in any direction over the 
ground, whereas a cluttered environment affords lecomotvKi only at o^nings. TK^id 
rules refer, of course, to pedestrian animals, not flying animals or climbing animals. 
The human animal is a pedestrian, although he is descended from arboreal primates 
and has some climbing ability. The general (Opacity to go thr^gh alt opeiting \«ithotit 
colliding with the edges is not limited to pedestrians, however. It is a characteristic of 
all visually controlled locomotion (Gibson, 1958). 

A path affords pedestrian locomot^BRi from one phme to another, between the 
terrain features that prevent locomotion. The preventers of locomotion consist of 
obstacles, barriers, water margins, and brinks (the edges of cliffs). A path must afford 
footingi it must be r^Hvely free of rigi«i fo«t<steei ofe»tacl«5. 

An obstacle can be defined as an animal-sized object that affords collision and 
possible injury. A barrier is a more general case; it may be the face of a cliff, a wall, 
or a man>made £ence. Note parAitheticaHy that a barrier usually prevents looking- 
through as well as going-through but not always; a sheet of glass and a wire fence are 
barriers, but they can be seen through. A cloud, on the other hand, may prevent 
looking-through but not gving-ftro^h. These speciM eases will be treated later. 
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A water margin (a margin is not to be confused with an edge in this terminology) 
prevents pedestrian locomotion; it permits other kinds, but let us postpone consider- 
ation of the various affordances of water. 

A brink, the edge of a cliff, is a very significant terrain feature. It is a falling-off 
place. It affords injury and therefore needs to be perceived by a pedestrian animal. 
The edge is dangergias, bat the near surfate is safe. Thus, there is a principle for the 
control of locomotion that involves what I will call the edge of danger and a gradient 
of danger, that is, the closer to the brink the greater the danger. This principle is very 
general. 

A step, or stepping-off place, differs from a brink in size, relative to the size of the 
animal. It thus affords pedestrian locomotion. A stairway, a layout of adjacent steps, 
affords both descent and ascent. Note that a stairway consists of convex edges and 
concave comers alternating, in the nomenclature here employed. 

A slope is a terrain feature that may or may not afford pedestrian locomotion 
depending on its angle fi-om the surface of the level ground and its texture. A ramp 
with low inclination can be negotiated; a cliff face with high inclination cannot. 

Humans have been altering the natural features of the terrain for thousands of 
years, constructing paths, roads, stairways, and bridges over gorges and streams. Paths, 
roads, staiiways, and bridges facilitate human locomotion and obviate climbing. Hu- 
mans have also been constructing obstacles and barriers to prevent locomotion by 
enemies, human or animal. Humans have built walls, moats, and fences to prevent 
access to an enclosure, that is, to their camps and fortresses. And then, of course, they 
had to build doors in the walls, drawbridges over the moats, and gates in the fences to 
permit their own entry and exit. 

SHELTERS 

The atmospheric medium, it will be remembered, is neither entirely homogeneous nor 
wholly invariant. Sometimes there is rain in the air, or hail, or snow. Sometimes the 
wind blows, and in certain latitudes of the earth the air periodically becomes too cold 
for warm-blooded animals, who will die if they lose more heat to the medium than 
they gain by oxidizing food. For such reasons, many animals and all human beings must 
have shelters. They often take shelter in caves or holes or burrows, which are animal- 
sized partial enclosures. But some animals and all humans of recent times build shelters, 
constructing them in various ways and of various materials. These are generally what 
I called hollow objects, not simply cavities in the earth. Birds and wasps build nests, 
for example, especially for sheltering their young. Human animals build what I will call 
huts — a generic tenn for simple human artificial shelters. 

A hut has a site en fiie gisound, and j|>isan4t!tft6hei^<stu'eetfrom the outside. But 
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it also has an inside. Its usual features are, first, a roof that is "get-underneath-able" 
and thus affi}rds protection A'om rain and snow and direct sunlight; second, walls, 
which afford protection fiMjm wind and prevent the escape of heat; and third, a doorvmy 
to afford entry and exit, that is, an opening. A hut can be built of sticks, clay, thatch, 
stones, brick, or many other more sophisticated substances. 

WATER 

The margin between land and water stops the pedestrian. But animals can wade if the 
water is shallow, float if their specific gravity is not too high, or skitter over the surface 
if they are insects. Some terrestrial animals can swim on the surface of water, as the 
human animal can after a fashion, and dive under the surface for a short time. But 
water does not afford respiration to terrestrial animals with lungs, and they are always 
in danger of drowning. 

Considered as a substance instead of a sur&ce or a medium, water is a necessity 
for terrestrial life, not a danger. Animal tissue consists mainly of solutions in water, 
and the fluids of the body have to be repleni^ed. AMimals must drink. Only the intake 
of fresh water prevents death by dessication, or what we call thirst. So they need to 
recognize water when they meet with it. 

Water causes the wetting of dry surfaces. It affords bathing and washing, to 
elephants as well as to humans. Streams of water can be dammed, by beavers as well 
as by children and hydrauhc engineers. Ditches can be dug and aqueducts built. Pots 
can be made to contain water, and then it affords pouring and spilling. Water, in short, 
has many kinds of meaning. 

FIRE 

Fire was the fourth of the "elements" that constituted the world, in the belief of the 
Greek thinkers. They were the first analyzers of the environment, although their 
analysis depended on direct observation. They observed earth, air, water, and then 
fire. In our chemical sophistication, we now know that fire is merely a rapid chemical 
reaction tff oxidation, but nevertheless we still perceive a fire as such. It is hardly an 
object, not a substance, and it has a very unusual surfece. A fire is a terrestrial event, 
with a beginning and an end, giving offbeat and con.suming fuel. Natural fires in the 
forests or plains were and still are awesome to animals, but our ancestors learned very 
early how to control fire— how to begin it (with a fire drill, for example), how to make 
it persist (by feeding it fiiel), how to conserve it (with a slow match), and how to quench 
it. The eentroUing of fiie is a unique human habit. Our primitive hun^sg. arK^stors 
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became very skilled at it. And as they watched the fire, they could see a prime example 
of persistence with change, of invariance under transformation. 

A fire affords warmth even in the open but especially in a shelter. It provides 
illumination and, in the form of a torch, can be carried about, even into the depths of 
a cave. But a fire also affords injury to the skin. Like the brink of a cliff, one cannot get 
too close. There is a gradient of danger and a limit at which warmth becomes injury. 
So the (xintfd'lling of fire entails the control of motor approach to fir@4nd the detecting 
of the limit. 

Once this control is learned by the adult and the child, fire afi'ords many benefits 
besidw warmth and illuntinrtoR. k atlews the cooking of food substances and the 
boiling of water in pots. It permits the glazing of clay and the reduction of minerals to 
metals. Fire, like water, has many kinds of meaning, many uses, many values. 

• EJECTS 

The term object as used in philosophy and psychology is so inclusive as to be almost 
undefinabte. But as I have defined it above, it refers only to a persisting substance 
with a closed or nearly closed surface and can be either detached or attached. I always 
refer to a "concrete" object, not an "abstract" one. In this restricted sense, the surface 
of an object has a definite texture, reflectance, color, and layout, the surface layout 
being its ^ape. These are some of the distirtgoishfng features of an object in relation 
to other objects. 

An attached object of the appropriate size permits a primate to grasp it, as a 
monkey grasps a tree branch. (A bird can grasp with its ctaws in the same way.) Such 
an object is something to hold on to and permits climbing. A detached object of the 
appropriate size to be grasped is even more interesting. It affords carrying, that is, it 
is portable. If the sltl>$taftce has an appropriate Hiass-te-viol^ine rsKo (density), it affords 
throwing, that is, it is a missile. 

A hollow object such as a pot can be used to contain water or wine or grain and 
to store these substances. An object with a level sur&c& knee-hi^ from the ground 



Th« BtBTECTiMC ow A Limit and 
THE Margin of S*fbty 

The mathematical concept of a variable, an asymptote, and a limit is an intellectual achievement 
of great complexity. But the perceiving of a limit of action is quite simple. Terrestrial animals 
perceive a brinl( as a limit of approach, and the mathematical complexity is not a problem for the 
visual system. The observer, even a child, sees the distance between himself and the brink, the 
so'cJtiid'MUir^iit of mfst^i 
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can be used to sit on. An elongated object, a stick, if the substance is elastic and 
flexible, af&rds bending and thus can be made into a bow for launching arrows. A rigid, 
straight stick, not bent or curved, can be rotated on its long axis without wobbling; it 
can be used as a fire drill or as an axle for a wheel. The list of examples could ge on 
without end. 

TOOLS 

Tools are detached objects of a very special sort. They are graspable, portable, manip- 
ulatable, and usually rigid. The purposive use of such objects is not entirely confined 
to the human animal, tor other animals and c^her primates take advantage of thorns 
and rocks and sticks in their behavior, but humans are probably the only animals who 
make tools and are surely the only animals who walk on two feet in order to keep the 
hands free. 

The missile that can be thrown is perhaps the earliest of tools. When combined 
with a launching device, it can become very versatile. The discovery of missiles was 
suiely sne of the factors that made the human animal a fdrmidabte hunter as cMapared 
to the animals with teeth and claws. Soon after that discovery, presumably, catne ttie 
invention of striking tools, edged tools, and pointed tools. 

An elongateai object, especially if weighted at one end and graspable at the other, 
affords hitting or hammering (a club). A graspable object with a rigid sharp edge affords 
cutting and scraping (a knife, a hand axe, or a chopper). A pointed object affords 
piercing (a spear, an axrow, an awl, or a needle). These tools may be combined in 

Figure 3. 1 
A tool is a sort of extension of the hand. 
This object in use aSbrds a special kind of cutting, and one can actually feel the cutting action of 
the blades. 



various ways to make other tools. Once again it may be noted that users of such tools 
must keep within certain limits of manipulation, since they themselves may be struck 
or cut or pierced. 

When in use, a tool is a sort of extension of the hand, almost an attachment to it 
or a part of the user's own body, and thus is no longer a part of the environment of the 
user. But when not in use, the tool is simply a detached object of the environment, 
graspable and portable, to be sure, but nevertheless external to the observer. This 
capacity to attach something to the body suggests that the boundary between the 
animal and the environitTent is vet fixed at the surface of the sktn but can shift. More 
generally it suggests that 'Ske absolute duality ©f "objective" and "subjective" is false. 
When we consider the afFordances of things, we escape this philosophical dichotomy. 

When being worn, clothing, even more than a tool, is a part of the wearer's body 
instead of a part of the environment. Apart from (he utility of modulating heat loss, 
clothing permits the individual to change the texture and color of his surface, to put on 
a second skin, as it were. When not being worn, a body covering is simply a detached 
object of the environment made of febric or the skin of a dead animal — a complex, 
flexible, curved sheet in our terminology. But the aiticle objectively affords wearing, 
as a tool affords using. And when it is worn it becomes attached to the body and is no 
longer a part of the environment. 

Much more could be said about tools, but this will serve as an introduction. Note 
that the discussion has been limited to relatively small or portable tools. Technological 
man has made larger tools, machines, fbr eutting, boring, pounding, and crushing, and 
also for earth-moving and for construction and also, of course, for locomotion. 

OTHER ANIMALS 

Animans (A>jects differ from inanimate dbjeete in a varied of ways but notably in the 
hct that they move spontaneously. Like all detached objects, animate objects can be 
pushed and displaced by external forces, they can fall when pulled by the force of 
gl^ity — in short, th^ can be ^ssively moved — but ihef alHi laa fnove actively under 
the influence of internal forces. They are partly composed of viscoelastic substances as 
well as rigid skeletons, and their movements are always deformations of the surface. 
Moreoti'tei' the stfle of mowemerit, the mode ®f de^rmMon, is unique for each animal. 
These special objects differ in size, shape, texture, color, odor, and in the sounds they 
emit, but above all they differ in the way they move. Their postures change in specific 
modes while their uriderlying invariants of shape remain constant. That is to say, 
animals have characteristic behaviors as well as characteristic anatomies. 

Animah are thus by far the most complex objects of perception that the environ- 
ment piiesan^ te an diiservef. Aa6th«r anioiiid ms^ be prey or predator, potential mate 
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or rival, adult or one's own young or another's young. Moreover, it may be 

temporarily asleep m avwke, receptive or unreceptive, hungry or satiated. What the 
other animal affords is specified by its permanent features and its temporary state, and 
it can afibrd eating or being eaten, copulation or fighting, nurturing or nurturance. 

What the other animal affords the observer is not only behavior but also social 
interaction. As one moves so does the other, the one sequence of action being suited 
to the other in a kind of behavioral loop. All social interaction is of this sort— sexual, 
maternal, competitive, cooperative — or it may be social grooming, play, and even 
human conversation. 

This brief deseription does not even begin to do justice to the pwwer of the notion 
of affordances in social psychology. The old notions of social stimuli and social responses, 
of biological drives and social instincts are hopelessly inadequate. An understanding of 
life with one's fellow creatures depends on an adequate description of what these 
creatures offer and then on an analysis of how these offerings are perceived. 



HUMAN DISPLAYS 

Finally, we eome to a very sp^ai class of artificial objects* — or perhaps devices is a 
better term — that display optical information. I refer to solid images of several types, 
pictures of many sorts, and all the sur&ces of the environment that bear writing. Some 
twenty er thirty thousand years ago sculptures and pictures were first made, and some 
four or five thousand years ago writing was developed and records began to be kept. 
By now images and records are everywhere. A display, to employ a useful generic 
term, is a surface that has b@en shaped or processed s@ as R) exhibit information for 
more than just the surface itself (Gibson, 1966fc, pp. 26-28, 224-244). For example, a 
surface of clay is only clay, but it may be molded in the shape of a cow or scratched or 
painted with the ^'oMe of acow sr mcised with the cuneiform characters that stand for 
a cow, and then it is more than just a surface of clay. 

There will be more about displays in Part IV, after we have considered the 
information for visual perception in Part II and the activity of visual perception in Part 
III. It can be suggested in a preliminary way, however, that images, pictures, and 
written-on surfaces afford a special kind of knowledge that I call mediated or indirect, 
knowledge at second hand. {^{(M^eover, imag^, pictures, and writing, insofar as the 
substances shaped and the surfaces treated are permanent, permit the storage of 
information and the accumulation of information in storehouses, in short, civilization. 



THE ENVIRONMENT OF ONE OBSERVER AND 
THE ENVIRONMENT OF ALL OBSERVERS 

The essence of an environment is that it surrounds an individual. I argued in Chapter 1 
that the way in which a physical object is surrounded by the remainder of the physical 
world is not at all the same as the "MBy in which a living animal is surrounded by an 
en\'ironment. The latter surrounds or encloses or is ambient in special ways that I have 
tried to describe. 

The term surroundings is nevertheless vague, and this vagueness has encouraged 
confusion of thought. One such is the question of how the surroundings of a single 
animal can also be the surroundings of all animals. If it is assumed that no two observers 
can be at the same place at the same time, then no two observers ever have the same 
surroundings Hence, the environment of each observer is "private, " that is, unique. 
This seems to be a philosophical puzzle, but it is a false puzzle. Let us resolve it. One 
may consider the kyout df surrounding surfaces with reference to a stationary point of 
observation, a center wherS an in^vtdual is standing motionless, as if the environment 
were a set of frozen concentric spheres. Or one may tonsider the layout of surrounding 
surfaces with reference to a moving point of observation along a path that any individual 
can travel. This is much the more useful way of considering the surroundings, and it 
recognizes the fact that animals do in fact move about. The animal that does not m»ve 
is asleep— or dead. 

The available paths of locomotion in a medium constitute the set of all possible 
points of observation. In the course of time, each animal moves through the same paths 
of its habitat as do other animals of its kind. Although it is true that no two individuals 
can be at the same place at the same time, any individual can stand in all places, and 
all individuals can stand in the same place at different times. Insofar as the habitat has 
a persisting substantial layout, therefore, all its inhabitants have an equal opportunity 
to explore it. In this sense the environment surrounds all obs^ers in the same way 
that it surrounds a single observer. 

The old idea that each observer stands at the center of his or her private world 
and that each environment is therefore unique gets it? main support from a narrow 
conception of optics and a mistaken theory of visual perception. A broader conception 
of optics will be given in Part U, and a better theory of visual perception will be 
presented in Part IH. The fact of a moving point of obs@rv#iii^ is central for the 
ecological approach to visual perception, and its implications, as we shall see, are far- 
reaching. 
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SUMMARY 

Formal plane geometry has been contrasted with an unforHMlizetl and quite unfamiliar 
geometry of surfaces. But the latter is mote spprq^riate for describing the environment 
in which we perceive and behave, because a surface can be seen whereas a plane 
cannot. The differences between a plane and a surface have been pointed out. 

A tentative list of the main features of surface layout has been proposed. The 
definitions are subject to revision, but terms of this sort are needed in ecology, 
ardiitactttre, design, the biology of behavior, and the social sciences instead of the 
planes, fonns, lines, and points of geometry. The tenn object, especially, has been 
defined so as to give it a strictly limited application unlike the general meaning it has 
in philosophy and psychology. 

The fundamental ways in which surfaces are laid out have an intrinsic meaning for 
behavior unlike the abstract, formal, intellectual concepts of mathematical space. 
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THE RELATIONSHIP BETWEEN 
STIMULATION AND 
STIMULUS INFORMATION 

Having described the environment, I shall now describe the information available to 
observers for perceiving the environment, Qnfy then will we be prepared to consider 
how they perceive, whsK tfe activity of perception consists oi, and how they can control 
behavior in the ens imnment, 

For visual perception, the information is obviously in light. But the term light 
meams different things in different sciences, and we shall have to sort out the different 
meanings to avoid confusion. .Most of us are confused, including the scientists them- 
selves. The science of light is called optics. But the science of vision is also called 
optics, and the textbooks are not at all clear about the difference. Let us try to 
distinguish light as physical energy, light as a stimulus for vision, and light as infor- 
mation fir perception. 

What I call ecological optics is concerned with the aivailable information for per- 
ception and diff ers from physical optics, from geometrical optics, and also from phys- 
iological optics. Ecological optics cuts across the boundaries of these existing disciplines, 
borsowing from all biHt going beyond them. 

Ecological optics rests on several distinctions that are not basic in physical optics: 
the distinction between luminous bodies and nonluminous bodies; the difference be- 
tween light as radittion and light as illuminatfon; intd the differanii^ between F«^nt 
tight, propagating outward from a source, and ambient light, coming to a point in a 
medium where an eye might be stationed. Since these differences are fundamental, 
they should be stated at the beginning. Why they are so important will become clear. 



THE DISTINCTION BETWEEN LUMINOUS 
AND ILLUMINATED BODIES 

Some material bodies emit light, and others do not. Light comes from sources such as 
the sun in the sky and from other sources close at hand such as fires or lamps on the 
earth. They "give" light, as we say, vv'tieFea'S ordinary objects do not. Nonluminous 



ablets only reflect some part of the light that falls on them from a source. And yet we 
«an see fhe nonluminous bodies along with the luminous ones. In fact, most of the 
things that need to be seen are nonluminous; they are only seen "by the light of the 
source. The qtiestion is, how are they seen? For they do not stimulate the eye with 
hght in the same way that luminous bodies do. The intermediate case of luminescent 
bodies is exceptional. 

A terrestrial surEace that gives light is usually, although not always, distinguishable 
ft om one that does not; it is visibly luminous, as distinct fi om being visibly illuminated. 
In physical optics, the case of reflected light is reduced to the re-emission of light by 
the atonw of the reflecting surface. But in ecological optics, the difference between a 
luminous and an illuminated surface is crucial. Where a reflecting surface in physical 
optics is treated as if it were a dense set of tiny luminous bodies, in ecological optics 
a reflecting surface is treated as if it were a true surfa* having a texture. There will 
be more of this later. 



THE DISTINCTION BETWEEN RADIATION 
AND ILLUMINATION 

Radiant energy as studied in physics is propagated through empty space at enormous 
velocity, iuck energy can be traated either as particles or as waves (and this it a great 
puzzle, even to physicists), but it travels in straight lines, or rays. The paths of photons 
are straight lines, and the perpendiculars to the wave fronts are straight Hnes. More- 
over, hght comes from atoms and returns to atoms. Tkey give sff and take in energy 
in quantal units. Matter and energy interact. There are elegant laws of this radiation, 
both at the size-level of atoms and on the grand scale of the universe. But at the 
ecological level of substances, mi^es, and the m«dium, we need be concerned ofily 
with some of these laws, chiefly scattering, reflection, and absorption. 



Why EcoLCXGicAL Optics? 

The temi ecological optics first appeared in print in an article with that title in Vision Research 
(Gibson. 1961). It seemed to me that the study of light, over the centuries, had not produced a 
coherent discipiinie. The iKience df radiant enei^y iti phydcS) tlie science of opticail Instruments, 
and the science of the eye were quite different. The textbooks and journals of optics gave the 
impression of monolithic authority, but there were deep contrad ictions between the assumptions 
of the various branches of optics. When I discovered that even an occasional physicist recognized 
these cracks in the foundations of the optical establishment (Ronchi, 19S7), I ventured to suggest 
that optics at the Iciiri cppitOfKalie f «- fMrcepUon shmld havena new iname. 




In daylight, part of the radiant light of the sun reaches the earth in parallel rays, 
but another part is scattered by being transmitted through an atmo^yhere that is never 
perfectly transparent. This light is even more thoroughly scattered when it strikes the 
textured ground, by what can be called scatter reflection. (This is not to be confused 
with mirror reflection, which is governed by the simple law of equal angles of the 
incident ray and the reflected ray. Mirror reflection seldom happens, for there are no 
mirrors on the ground, and even water surfaces, which could act as mirrors, are usually 
rippled.) The scatter-reflected light is in turn reflected back from the sky. Each new 
reflection further disperses the incident rays. The light thus finds its way into shelters 
that are not open to the sun, or even to the sky. In semienclosed spaces the hght 
continues to bounce back and forth at 186,000 miles per second. It finds its way through 

Figure 4.1 

The steady state of reverberating light in an illuminated medium under the sky. 
.Although at any point tti the air \\te ifiuinination comes frum all directions, the prfixii/ing 
illumination ft from the left in this diagram becausr the direct radiation from the sun comes fram 
the left. 
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chinks and crevices and into cavems, until the energy is finally absorbed. This light 
can hardly be thought of as radiation now; it is illumination. 

niuinination is a fact of higher order than radiation. In physical optics, experi- 
menters try to avoid what they call stray light in the dark room. But in ecological 
optics, this light that has gone astray is just what interests us. The ppticist works with 
rays of light, rays that diverge in all dfrections from their source and never converge 
to a point unless they are focused by a lens. But an organism has to work with hght 
that converges from all directions and, moreover, has different intensities in different 
directions. 

Many-times reflected light in a medium has a number of consequences that, 
although important for vision, have not been recognized by students of optics. Chief 
among them is Aig FiCt fiif atifbfl^t light, that is, light that surnDunds a point, any point, 
in the space where an observer could be stationed. 



THE DISTINCTION BETWEEN RADIANT LIGHT 
AND AMBIENT LIGHT 

Radiation becomes illumination by reverberating between the earth and the sky and 
between ^r&ces that face one another. But that term, referring as it does to sound, 
does not do justice to the unimaginable quickness of the fliix or to the uncountable 
multiplicity of the reflections back and forth or to their unlimited scattering. If the 
illumination is conceived as a mantfoM ^ rays, one can imagine evety point on every 
surface of any environment as radiating rays outward from that point, as physicists do. 
Every such radiating pencil is completely "dense." One could think of the rays as 
completely filling the air and think of each point in the air as a point of intersection of 



Figure 4.2 

MdiattI light from a point soured affd ambient light to a )it>int in the mediuni. 

A creature with eyes is shown at the point in the air, but it need not be occupied. 
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lays eoming from all directions. It would follow that light is ambiiht at every point. 
Light would come to every point; it would surround every point; it would be environing 
at every point. This is one way of conceiving ambient Hght. 

Such an omnidirectional flux df light could not exist in empty space but only in an 
environment of reflecting surfaces. In any ordinaiy terrestrial space, the illumination 
reaches an equilibrium, that is, it achieves what is called a steady state. The input of 
energy from the sun is just balanced by the absorption of energy at the sifr&ces. With 
any change in the source, a new steady state is immediately reached, as when the sun 
goes down or is hidden by a cloud. No matter how abrupt the rise or fall of intensity 
of the light coming from a lamp, the rise or iMI of illtitninattoti kt the room is just as 
abrupt. The system is said to be open rather than closed inasmuch as addition of energy 
to the airspace and subtraction of energy from it are going on all the time, but the 
struclmre of l<he reverberation remains the same and-dbes not citenge. What could this 
structure be? It is possible to conceive a nested set of solid angles at each point in the 
medium, as distinguished from a dense set of intersecting lines. The set of solid angles 
woirld be the same whatever the intensity of illumination might be (there will be more 
about this later). They are angles of intercept, based on the environment. The flow of 
energy is relevant to the stimulation of a retina, but the set of solid angles considered 
as projections is more relevant to stihniltis ittfermation. 

Consider the differences between radiant light and ambient light that have so far 
been stated or implied. Radiant light causes illumination; ambient light is the result of 
illumination. Radiant light diverges fmm an energy source; ambient light converges to 
a point of observation .. Radiant light must consist of an infinitely dense set of rays; 
ambient light can be thought of as a set of solid angles having a common apex. Radiant 
light from a point source is n»t different in dtfftSrent directions; ambient hght at a point 
is different in different directions. Radiant light has no structure; ambient light has 
structure. Radiant Ught is propagated; ambient light is not, it is simply there. Radiant 
light comes from atoms and returns to atoms; ambient light depends upon an environ- 
ment of surfaces. Radiant light is energy; ambient light can be informatiM. 



THE STRUCTURING OF AMBIENT LIGHT 

Only insofar as ambient light has structure does it specify the environment. I mean by 
this that the light at the point of observation has to be different in different directions 
(or there ha*e to be differences in different directions) in order for it to contain any 
information. The differences are principally differences of intensity. The term that will 
be used to describe ambient light with structure is an ambient optic array. This implies 
an arrangement of some sort, that is, a pattern, a texture, or a configuration. The array 
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has to have )>arts. The ambient light cannot be homogeneous or blank. (See the 
illustrations in Chapter 5.) 

What would be the limiting case of ambient light without structure? It would arise 
if the air were filled with such a dense fog that the light could not reverberate between 
surfaces but only between the droplets or particles in the medium. The air would then 
be translucent but not transparent. Multiple reflection would occur only between 
closely packed microsurfaces, yielding a ^rt of micr^illiMniinaiMen &{ things too small to 
see. \t any point of observation there would be radiation, but without differences in 
different directions, without transitions or gradations of intensity, there would be no 
stractnr-e and ttt ^ray. Similarly, homsigensous ambiifent light wotild occur inside a 
translucent shell of some strongly diftising substance that was illuminated from outside. 
The shell would transmit light but not structure. 

In the case of unstructured afribient light, an en^iranment is not specified and no 
information about an environment is available. Since the light is undifferentiated, it 
cannot be discriminated, and there is no information in any meaning of that term. The 
ambient light in this respect is no cMerent from ambient darkne^. An environment 
could exist behind the fog or the darkness, or nothing could exist; either alternative is 
possible. In the case of ambient light that is unstructured in one part and structured 
in an adj^^^nt p8rt, such as the blue sky above the horizon and the textured region 
below it, the former specifies a void and the latter a surfece. Similarly, the homogeneous 
area between clouds specifies emptiness, and the heterogeneous areas specify clouds. 

The structuring of ambient Rght by sur&ces, espeoiafly by their pigmentation and 
their layout, will be de'scribed in the next chapter.' Chiefly, it is the opaque surfaces 
of the world that reflect light, but we must also consider the luminous surfaces that 
emM light and the semitranspareiKt surfaces that transmit Hght. As far as the evidence 
goes, we will describe how the light specifies these surfaces, their composition, texture, 
color, and layout, their gross properties, not their atomic properties. And this specifying 
of them is useful information abotit them. 



STIMULATION AND STIMULUS INFORMATION 

In order to stimulate a photoreceptor, that is, to excite it and make it "fire," light 
energy must be absorbed by it, and this energy must exceed a certain characteristic 
amount known as the threshold of the receptor. Energy must be transduced, as the 
physiologist Ifkes to put it, from one form to another. The rule is supposed to hold fdrr 
each of a whole bank of photoreceptors, such as is found in the retina. Hence, if an eye 
were to be stationed at some point where there is ambient l^ht, part of the light would 
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enter the puptl. be absorbed, and act as stimulation, I( no eye or any other body that 
absorbs light is stationed at that point, the flying photons in the air (or the wave fronts) 
would simply pass through the point without interfering with one another. Only 
potenttal stimulation exists at such a point. Actual stimulation dept^nds on the presence 
of photoreceptors. 

Consider an observer with an eye at a point in a fag-filled medium. The receptors 
in the retina would be stimulat'Md, and there would sortsequenlly be impulses in the 
fibers of the optic neiTe. But the light entering the pupil of the eye would not be 
different in different directions; it would be unfocusable, and no image could be formed 
ort the retina. There could he no retiftai image beeatfse the light on the retina would 
be just as homogeneous as the ambient light outside the eye. The possessor of the eye 
could not fix it on anything, and the eye would drift aimlessly. He could not look from 
one itoRi to another, fbr bo items would be present. Ifhe ^med the eye, the experience 
would be just what it was before. If he moved the eye forward in space, nothing in the 
field of view would change. Nothing he could do would make any difference in what 
he could experience, with this single exception: if he closed the eye, an experience 
that he might call brightness would give way to one he might call darkness. He could 
distinguish between stimulation of his photoreceptors and nonstimulation of them. But 
as Sar as pei<ec!iving goes, his eye would be just as blind when light entered it as it 
would be when light did not. 

This hypothetical case demonstrates the difference between the retina and the 
eye, that is, the difference bewween receptors and a perceptual organ. Receptors are 
stimulated, whereas an organ is activated. There can be stimulation of a retina by light 
without any activation of the eye by stimulus information. Actually, the eye is part of 
a ^al organ, one of a pair cff mobile eyes, an^ Miey are set in a head that can turn, 
attached to a body that can move (rom place to place. These organs make a hierarchy 
and constitute what I have called a perceptual system {Gibson, 1966b, Ch. 3). Such a 
system is never simply stimulated but instead can go inte activity in the presence of 
stimulus information. The characteristic activities of the visual system will be described 
in Chapter 12 of this book. 

The distinction between stimulation kir receptors and stinfulus information for the 
visual system is crucial for what is to follow. Receptors are passive, elementary, 
anatomical components of an eye that, in turn, is only an organ of the complete system 
(Gibson, 1966b, Ch. 2). The traditional conception of a sense is almost wholly aban- 
doned in this new approach. Stimulation by light and corresponding sensations of 
brightness are traditionally supposed to be the basis of visual perception. The inputs 
of the nerves are supposed to he the ^ta dn wMeh ftie pepeepttidl processes in the 
brain operate. But I make a quite different assumption, because the evidence suggests 
that stimuli as such contain no information, that brightness sensations are not elements 
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of perception, and that inputs of the retina are not sensory elements on which the brain 
operates. 

Visual perception can fail not only for lack of stimulation but also for lack of 
stimulus information. In homogeneous ambient darkness, vision fails fin- laik of stim- 
ulation. In homogeneous ambient light, vision fails for lack of information, even with 
adequate stimulation and corresponding sensations. 



DO WE EVER SEE LIGHT AS SUCH? 

The difference between stimulation and stimulus information can be shown in another 
w%, by cen^dering two coittradictvry assertions: (I) nothing be seen, progperly 
speaking, but light; and (2) light, properly speaking, can never be seen. At least one 
of these assertions must be wrong. 

Glassii^l optics, comparing the eye to a came«^, has taught thait nothing can 
possibly get into the eye but light in the form of rays or wave fronts. The only alternative 
to this doctrine seemed to be the naive theory that little copies of objects got into the 
eye. If all that can ever ftaeh the retina is light in this fOrin, ^en ft woutd follow that 
all we can ever see is this light. Sensations of light are the fundamental basis of visual 
perception, the data, or what is given. This line of reasoning has seemed unassailable 
up to the present. It lead^ to what I have called ^e sensatiore^ased theories of 
perception (Gibson, I966ii). We cannot see surfaces or objects or the environment 
directly; we only see them indirectly. All we ever see directly is what stimulates the 
eye, Mght. The verb to see, properly used, means to have one or more sensations of 
light. 

What about the opposite assertion that we never see light? It may at first sound 
unreasanable, or perhaps false, btrt let us exannne the statement carefully. Of all the 
possible things that can be seen, is light one of them? 

A single point of light in an otherwise dark field is not "light"; it specifies either 
a very distant seutce sf light or a very small source, a luminous object. A single instant 
or "flash" of such a point specifies a brief event at the source, that is, the on and the 
off. A fire with coals or flames, a lamp with a wick or filament, a sun or a moon — all 
these are quite sp»ecifie aibjeets and are se specified; no one sees merely Itght. What 
about a luminous field, such as the sky? To me it seems that I see the sky, not the 
luminosity as such. What about a beam of light in the air? But this is not seeing light, 
because the beam is only visible if there are illuminated particles in the medium. The 
same is true of the shafts of sunlight seen in clouds under certain conditions. 

One can perceive a rainbow, to be sure, a spectrum, but even so that is not the 
seeing of lig^t. UbIos, htgh^hts on water, and scintillations of various kinds are all 
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manifestations of light, not light as such. The only way we see illumination, I believe, 
is by way of that which is illuminated, the surface on which the beam fells, the cloud, 
or the particles that are lighted. We do not see the light that is in the air, or that fills 
the air. If all tfei* is correct, it becomes qi4e neaSCMiable to assert that all we ever see 
is the environment or facts about the environment, never photoifs or waves or radiant 
energy. 

What about the sensation of being dazzled by looking at the sun, or the sensation 
of glare that one gets from looking at glossy surfaces that reflect an intense source? Are 
these not sensations of light as such, and do we not then see pure physical energy? 
Even in this ease, I w®»dd argue that* tke answer is no; we are perceiving a state of the 
eye akin to pain, arising fi-om excessive stimulation. We perceive a fact about the body 
as distinguished from a fact about the world, the feet of overstimulation but not the 
light that caused it. Ani the experiencing of facts about th& 'body is not the basis of 
experiencing facts about the world. 

If light in the exact sense of the term is never seen as such, it follows that seeing 
the envircniTnent cannot be based on saeing light as such. The stimulation of the 
receptors in the retina cannot be seen, paradoxical as this may sound. The supposed 
sensations resulting from this stimulation are not the data for perception. Stimulation 
may l»e a necessary condition hr seeing, bat it is ndt -sufficient. There has te be stimulus 
information available to the perceptual system, not just stimulation of the receptors. 

In ordinary speech we say that vision depends on light, and we do not need to 
know physicfs to be able to say it w#h -confidence. All of us, including every child, 
know what it is like to be "in the dark." We cannot see anything, not even our own 
bodies. Approaching dangers and collisions ahead cannot be foreseen, and this is, with 
some reason, alarming. But what we mean when we say <^ion depends on light 
is that it depends on illumination and on sources of illumination. We do not necessarily 
mean that we have to see light or have sensations of light in order to see anything else. 

|tiSt as the stiftrnlatton of the receptors in the retina cannot be seen, so the 
mechanical stimulation of the receptors in the skin cannot be felt, and the stimulation 
of the hair cells in the inner ear cannot be heard. So also the chemical stimulation of 
thg receptors in the tongue cannot be tasted, and tbe «limidatisn of the receptors in 
the nasal membrane cannot be smelled. We do not perceive stimuli. 



THE CONCEPT OF THE STIMULUS AS 
AN APPLICATION OF ENEW©* 

The explicit assumption that only the receptors of observers are stimulated and that 
their sense organs are not stimiA^qii but activated is in disa^eeiMSiilt with what most 
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psychologists take for granted. They bUthely use the verb SttmtUiUe and the noun 
stimulus in various ways not consistent with one another. It is convenient and easy to 
do so, but if the words are shppery and if we allow ourselves to slide fi om one meaning 
to another unawares, we are confused without knowing it. I once examined the writings 
of modem psychology and found eight separate ways iii which the use of the term 
stimulus was equivocal (Gibson, 1960a). 

The concept of the stimulus comes from physiology, whene it first meant whatever 
application of energy fires a nerve cell or touches off a receptor or excites a reflex 
response. It was taken over by psychology, because it seemed that a stimulus explained 
not only the arousal of a sensation but the arousal of a response, in<Aliiiiitg responses 
much more elaborate than reflexes. If all behavior consisted of responses to stimuli, it 
looked as if a truly scientific psychology could be founded. This was the stimulus- 
respenfe fermula. It was indeed pretmtsing. Both stimuli and responses could be 
measured. But a great variety of environmental facts had to be called stimuli because 
a variety of things can be responded to. If anything in the world can be called a 
stimulus, the concept has got out of hand and its Sriginal meaitihg has been lest. I 
suggest that we go back to its meaning in physiology. In this book I shall use the term 
strictly. For I now wish to make the clearest possible contrast between stimulus energy 
and stimulus information. 

Note that a stimulus, strictly speaking in the physiologist's sense, is anything that 
touches off a receptor or causes a response; it is the effective stimulus, and whatever 
application of energy touches oS the receptor is effectJVfe. The pfcdt0iP"ec€^tors in the 
eye are usually triggered by light but not necessarily; they are also triggered by 
mechanical or electrical energy. The mechanoreceptors of the skin and the chemore- 
ceptors of the mouth and nose are more or less specialized for mechaniGd and chwnieal 
energy respectively but not completely so; they are just especially "sensitive" to those 
kinds of energy. A stimulus in this strict meaning carries no information about its source 
in the woi4d; that is, it does not specif)' its souree. Only stimulation that comes in a 
structured array and that changes over time specifies its external source. 

Note also that a stimulus, strictly speaking, is temporary. There is nothing lasting 
about it, as there is about a peisisting objetst of the environment. A stttnulus must 
begin and end. If it persists, the response of the receptor tapers off and ceases; the 
term for this is sensory adaptation. Hence, a permanent object cannot possibly be 
specified by a stimulus. The stimulus information for an object would have to resiele in 
something persisting during an otherwise changing flow of stimulation. And note above 
all that an object cannot be a stimulus, although current thinking carelessly takes for 
granted that it is one. 

An application of stimulus energy exceeding the threshold can be said to cause a 
response of the sensory mechanism, and the response is an effect. But the presence of 
stimulus infermation cannot be said te cause perc^pHkHi. Pereaption im ncft a *esponse 
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to a stimulus but an act of information pickup. Perce^i^ may or imy not occur in the 
presence of information. Perceptual awareness, unlike sensory awareness, does not 
have any discoverable stimulus threshold. It depends on the age of the perceiver, how 
well he has learned to perceive, and how strongly he is motivated to perceive. If 
perceptions are based on sensations and sensations have thresholds, then perceptions 
should have thresholds. But they do not, and the reason for this, I believe, is that 
perceptions are nitt based da sensations. There are magnitudes for applied stimuli 
above which sensations occur and below which they do not. But there is no magnitude 
of information above which perceiving occurs and below which it does not. 

Wli^ stimulus enet%y is transformed nervous impulses, dfey 0ife said to be 
transmitted to the brain. But stimulus information is not anything that could possibly 
be sent up a nerve bundle and delivered to the brain, inasmuch as it has to be isolated 
and extracted from the ambient energy. InforiMHon as here C0nceived is not trans- 
mitted or conveyed, does not consist of signals or messages, and does not entail a 
sender and a receiver. This will be elaborated later. 

When a small packet of stimulus energy is absorbed by » Receptor, what is lost to 
the environment is gained by the living cells. The amount of energy may be as low as 
a few quanta, but nevertheless energy is conserved. In contrast to this fact, stimulus 
information is not lost from the envir-enment when it is gained by the observer. There 
is no such thing as conservation of information. It is not limited in amount. The 
available information in ambient light, vibration, contact, and chemical action is 
inexhaustible. 

A stimulus, then, carries some of the meaning that the word had in Latin, a goad 
stuck into the skin of an ox. It is a brief and discrete apphcation of energy to a sensitive 
surface. As such, it specifies little beyond itself; it contains no inclination. But a 
flowing array of stimulation is a different, matter entirely. 



AMBIENT ENERGY AS AVAILABLE 
STIMULATION 

The environment of an observer was said to consist of substances, the medium, and 
surfaces. Gravity, heat, light, sound, and ^latile substances (ill the medium. Chemical 
and mechanical contacts and vibrations impinge on the observer's body. Itie observer 
is immersed as it were in a sea of physical energy. It is a flowing sea, for it changes and 
undergoes cy^s of change^, especially of t6mpa^t»fe and illumination. The observer, 
being an organism, exchanges energy with the environment by respiration, food con- 
sumption, and behavior. A very small fraction of this ambient sea of energy constitutes 
stiritulaftfi provides informatiii^. ^hn f^cMtffi is small, for only the ambient odor 
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entering the nose is effective for smelling, only the train of air vibrations impinging on 
the eardrums is efiective for hearing, and only the ambient light at the entrance pupil 
of an eye is efiFective for vision. But this tiny portion of the sea of energy is crucial for 
survival, because it contains information for things at a distance. 

It should be obvious by now that this minute infiow of stimulus energy does not 
consist of discrete inputs — that stimulation does not consist of stimuli. The flow is 
continuous. There are, of course, episodes in the flow, but these are nested within one 
another and cannot be cut up into elementary units. Stimulation is not momentary. 

Radiant energy of all wavelengths falls on an individual, that is, impinges on the 
skin. The infr ared radiation will give warmth, and the ultraviolet will cause sunburn, 
but the narrow band of radiation in between, light, is the only kind that will excite the 
photoreceptors in the eye after entenng the pupil. An eye, or at least a vertebrate 
chambered eye as distinguished from the faceted eye of an insect, usually takes in 
something less than a hemisphere of the ambient light, according to G. L. Walls (1942), 
A pair of eyes like those of a rabbit, pointing in opposite directions, takes in nearly the 
whole of the amkient light at the same time. Ambient light is structured, as we have 
seen. And the purpose of a dual ocular system is to register this structure or, more 
exactly, the invariants of its changing structure. Ambient light is usually very rich in 
what we call palteni and chaitg«. The retinal images tsgiislxar tiibth. And a retinal image 
involves stimulation of its receptive surfaoe but not, as often supposed, a set or a 
sequence of stimuli. 



THE ORTHODOX TWPOMY OF 
THE RETINAL IMAGE 

The generally accepted Aeory the eye does not acknowledge that it registers the 
invariant structure of ambient light but asserts that it forms an image of an object on 
the back of the eye. The object, of course, is in the outer world, and the back of the 
eye is a photoreceptive surface attached to a neive bundle. What is the difiierence 
between these theories? 

The theory of image formation in a dark chamber like the eye goes back more than 
350 years to Johannes Kspler. The germ of the theory as stated by hint wa» fthal 
everything visible radiates, more particularly that every point on a body can emit rays 
in all directions. An opaque reflecting surface, to be sure, receives radiation from a 
source and then re-emits it, but in eflFeet it becomes a colleefion of i<aiAating x>oint 
sources. If an eye is present, a small cone of diverging rays enters the pupil from each 
point source and is caused by the lens to converge to another point on the retina. The 
diverging and converging rays ms'lce what is called a/oeus^'^enetl trf' raps, '^e-iense 
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set of focus points on the retina constitutes the retinal image. There is a one-to-one 
projective correspondence between radiating points and focus points. 

A focused pencil of rays consists of two parts, the diverging cone of radiant light 
and the converging cone of rays refracted by the lens, one cone with its vertex on the 
object and the other with its vertex in the image. This pencil is then repeated for every 
point on the object. Thus, there is a limitless set of rays in each pencil and a limitless 
set of pencils for each object. The history of optics suggests that Kepler was mainly 
responsible ^r this extraordinary intellectual invention. It involved difficult ideas, but 
it was and still is the unchallenged foundation of the theory of image formation. The 
notion of an objecst.e^posed of points has proved over the centuries to be sympathetic 
to physicists, because most of them assume that an object really consists of its atoms. 
And later, in the nineteenth century, the notion of a retinal image consisting of sharp 
points of fi>cused light did not seem strange to physiologists because they were familiar 
with punctate stimuli, for example, on the skin. 

This theory of point-to-point correspondence between an object and its image 
lends itself to mathematical analysis. It can be abstracted to the concepts of projective 

Figure 4.3 

A focused pencil of rays connecting a radiating point on a surface with a focus point in 

the retinal image. 

The rays in the pencil are supposed to be infinitely dense. Note that only the rays that enter the 
pupil are effective for vision. (From The Terception of the Visual V^orid by James Jeiome Gibson 
and used with the agreemant of the reprint publisher, Greenwood Press, Inc.) 
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geometry and can be applied with great success to the design of cameras and projectors, 
that is, to the making of pictures with hght, photography. The theory permits lenses 
to be made with smaller "aberrations," that is, with finer points in the point-to-point 
eerEOS^ondence. It works beautifully, in short, for the images, dial: screen* or 

suifaces and that are intended to be looked at. But this success makes it tempting to 
believe that the image on the retina falls on a kind of screen and is itself something 
intended to be looked at, that is, a picture. It leads to one of the most seductive 
fallacies in the history of psychology — that the retinal image is something to be seen. 
I call this the "little man in the brain ' theory of the retinal image (Gibson, J966i, p. 
226|, whieh concstveis the eye as a cattiera at tti% end df a nerve tliat tfiansrrrtts 
the image to the brain. Then there has to be a little man, a homunculus, seated in the 
brain who looks at this physiological image. The little man would have to have an eye 
to see ift wl^, of eOws^ a ffUKhi eye with a tifde retinal image conaected to a liUle 
brain, and so we have explained nothing by this theory. We are in fact worse off than 
before, since we are confronted with the paradox of an infinite series of little men, 
ea«h \<>i^in &ie o&er Ukui each locking at tte brain «if ike next bigg^ man. 

If the retinal image is not transmitted to the brain as a whole, the only alternative 
has seemed to be that it is transmitted to the brain element by element, that is, by 
signals' in the fibers of the optic nerve. There would thfefi be -an elemewt-to-element 
correspondence between image and brain analogous to the point-to-point correspon- 
dence between object and image. This seems to avoid the fallacy of the little man in the 
brain who looks at an image, but it entails all the dMBcuTties of what I have called the 



James Mill ox Visual Sensatio.v, 1829 

"When I lift my eyes fiom the paper on which I am writmg, I see from my window trees and 
nwsdbws, ^lA hfffS^fs and oxen, and distant hills. I see ^ch of iTs proper size, of its proper form, 
and at its proper distance; and these particulars appear as immediate informations of the eye as 
the colors which I see by means of it. Yet philosophy has ascertained that we derive nothing fram 
the eye whatever but sensations of color. . . . How then, is it that we receive accurate informatjtin 
by the eye of size and shape and di^nce? By association merely" (Mill, Analysis of the Phenomena 
of flte KunUin Mmi, 1829). 

How is it indeed! Mill answered, by association. But others answered, by innate ideas of 
space or by rational inference from the sensations or by interpretation of the data. Still others 
have s»id, spontaneous organi^atum of semory Ikpt^ to the hfeitk. "Wtti eurrent &shionable 
answer is, by computerlike activities of the brain on neural signals. We have empiricism, nativism. 
ratiofialism, Cestalt theory, and now infi)rmation-processing theory. Their adherents would go on 
debating forever if we did not make a fresh start. Has philosophy asceitained that "we derive 
nothing fi-om the eye whatever but sensations of color"? jVo. "Sensations of color" meant dabs or 
i^ots of color, as if in a pairftingi. Perception dees npt begin thii^ way. 
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sensation-based theories of perception. The correspondence between the spots of light 
on the retina and the spots of sensation in the brain can only be a correspondence of 
intensity to brightness and of wavelength to color. If so, the brain is faced with the 
tremendous task of constructing a phenomenal environment out of spots differing in 
brightness and color. If these are what is seen directly, what is given for perception, 
if these are the data of sense, then the fact of perception is almost miraculous. 

Even the more softhisticated theory that the retinal image is transmitted as signals 
in the fibers of the optic nerve has the lurking implication of a little man in the brain. 
For these signals must be in code and therefore have to be decoded; signals are 
messages, and messages have to be interprefied. In hoih' fheeries the eye sends, the 
nerve transmits, and a mind or spirit receive. Both theories cwry the implication of 
a mind that is separate from a body. 

It is not nece^at;^ ta assume that anything ivhateeer is transmitted along the optic 
nerve in the activity of perception. We need not believe that either an inverted picture 
or a set of messages is delivered to the brain. We can think of vision as a perceptual 
system, the braiti being simply- part of the sfStem. The eye is also part of the system, 
since retinal inputs lead to ocular adjustments and then to altered retinal inputs, and 
so on. The process is circular, not a one-way transmission. The eye-head-brain-body 
system registers the invariants in the struAiire of ambient Itght. The eye is not a camera 
that forms and delivers an imagie, n@r is the retina simply a keyboard that etin be struck 
by fingers of light. 



A DEMONSTRATION TH^X THE RETINAL IMAGE 
IS NOT NECESSARY FOR VISJON 

We are apt to forget that an eye is not necessarily a dark chamber, on the back surface 
of which an inverted image is formed by a lens in the manner described by Kepler. 
Although the eyes of vertebrates and mollusks are of this sort, the eyes of arthropods 
are not. Tfey have what is ealted a cofnpound eye, with im chamber, no lens, and no 
sensory surface but with a closely packed set of receptive tubes called ommatidia. Each 
tube points in a different direction from every other tube, and presumably the organ 
can thus register diflei'ences of intensity in difiierent directions. It is therefore part of 
a system that registers the structure of ambient light. 

In a chapter on the evolutionary development of visual systems (Gibson, 1966i, 
Ch. 9^, I described the chambered eye and the compound eye as two different ways 
of accepting an array of light coming fi om an environment (pp. 163 ff.). The camera 
eye has a concave mosaic of photoreceptors, a retina. The compound eye has a convex 
packet of photoreceptSve light tubes. The^llrmer aee<ipts vm infthi* nutnber of pencils 
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of light, each focused to a point and combining to make a continuous image. The latter 
accepts a finite number of samples of ambient light, without focusing them and without 
forming an optical image. But if several thousand tubes are packed together, as in the 
eye of a dragonfly, visual perception is quite good. There is nothing behind a dragonfly's 
eye that could possibly be seen by you, no image on a surface, no picture. But 
nevertheless the dragonfly sees its environment. 

Zoologists who study insect xision are so respectful of optics as taught in physics 
textbooks that they are constrained to think of a sort of upright image as being formed 
in the insect eye, But this notion is both vague and self -contradictory. There is no 
screen on wluch an ixmge could be formed. The eoilKp^ of *n ambient &pim iHrray, 
even if not recognized in optics, is a better foundation for the understanding of vision 
in general than the concept of the retinal image. The registering of diflferences of 
intensity in different directions is necessary for visual perception; the formation of a 
retinal image is not. 



THE CONCEPT OF OPTICAL INFORMATION 

The concept of information with which we are most familiar is derived from our 
experiences of communicating with other people and being communicated with, not 
from our experience of perceiving the environmewt directly. We tend to think of 
information primarily as being sent and received, and we assume that some interme- 
diate kind of transmission has to occur, a "medium" of communication or a "channel" 
along which Aie information i^ iSiA tm flow. Information in this sense eonstsis of 
messages, signs, and signals. In early times messages, which could be oral, written, or 
pictorial, had to be sent by runner or by horseman. Then the semaphore system was 



The Fallacy 0* tme I$tA@E m the Eye 

Ever iince someone peeled oS the back of the excised eye ofa slaughtered ox and, holding it up 
in front if a seene, observed a tiny, colored, inverted image of the scene on the transparent retina, 
we have heten tempted t(»4rawa £ilse conclusion. We think of the image as something to be seen, 
a picture on a screen. You can see it if you take out the gx's ejse, so why shouldn't the ox see it? 
The &lkey dught to be evident. 

The question of how we can see the world as upright when the retinal image is inverted 
arises because of this false conclusion. All the experiments on this famous question have come to 
nothing The reginal image is not anything that can be seen. The famous experiment of G. M. 
Stratton (1897) on rein verting the retinal image gave unintelligible results because it was miscon- 



invented, and then the electrical telegraph, wireless telegraphy, the telephone, tele- 
vision, and so on at an accelerated rate of development. 

We also communicate with others by nttakitig a jpMiiye on a surface (clay tablet, 
papyrus, paper, wall, canvas, or screen) and by making a sculpture, a model, or a solid 
image. In the history of image-making, the chief technological revolution was brought 
about by the invention iSf photography, that is, of a photoserrsitive surface that could 
be placed at the back of a darkened chamber with a lens in front. This kind of 
communication, which we call graphic or plastic, does not consist of signs or signals 
and is not so obviously a message from one person to another. It is not so obviously 
transmitted or conveyed. Pictures and sculptures are apt to be displayed, and thus they 
contain information and make it available for anyone who looks. They nevertheless are, 
like the spoken and written words of language, man-made. They provide information 
that, like the information conveyed by words, is mediated by the perception of the first 
observer. They do not permit firsthand expedeace — only experience at second hand. 

The ambient stimulus information available in the sea of energy around us is quite 
.different. The information for perception is not transmitted, does not consist of signals, 
and does not entail a sender and a receiver. The environment does not communicate 
with the observers who inhabit it. Why should the world speak to us? The concept of 
stimuli as signals to be interpreted implies some such nonsense as a world-soul trying 
to get through to us The world is specified in the structure of the light that reaches us, 
but it is entirely up to us to perceive it. The secrets of nature are not to be understood 
by the breaking of its code. 

Optical information, the information that can be extracted from a flowing optic 
array, is a concept with which we are not at all familiar. Being intellectually lazy, we 
try to understand perception in the same waiy we understand communication, in terms 
of the familiar. There is a vast Hterature nowadays of speculation about the media of 
communication. Much of it is undisciplined and vague. The concept of information 
most of us have comes from that tUevature. But this is not the concept that will be 
adopted in this book. For we cannot explain perception in terms of communication; it 
is quite the other way around. We cannot convey information about the world to others 
unless we have perceived the world. And the available information fei.HM^ perception 
is radically different from the information we convey. 



SUMMARY 

Ecological optics is concerned with many-times-reflected light in the medium, that is, 
illumination. Physical optics is concerned with electromagnetic energy, that is, 
radiate, 
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Ambient light coming to a point in the air is profoundly different from radiant light 
leaving a point source. The ambient light has structure, whereas the radiant light does 
not. Hence, ambient light makes available information about fsftefting Sui&ces, 
whereas radiant light can at most ti^nsmit information about the atoms irom whivh it 
comes. 

If the ambient Ifght were unstructured 6r undTfferentiated, it would provi^ no 
information about an environment, although it would stimulate the photoreceptors of 
an eye. Thus, there is a clear distinction between stimulus information and stimulation. 
We do not have sensations of light tiiggered by stimuli under normal conditions. The 
doctrine of discrete stimuli does not apply to ordinary >iJ^ion. 

The orthodox theory of the formation of an image on a screen, based on the 
correspondence between radiating points and focus points, is rejected as the basis for 
an explanation of ecological vision. This theory appli^ i» the desigii of a^(;il Instru- 
ments and cameras, but it is a seductive fallacy to conceive the ocular system in this 
way. One of the worst results of the fallacy is the inference that the retinal image is 
transmitted to braan. 

The information that can be extracted from ambient light is not the kind of 
information that is transmitted over a channel. There is no sender outside the head 
and Ttp reoeivqr inside the head. 
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THE AMBIENT OPTIC 
ARRAY 



The central concept of ecological optics is the ambient optic array at a point of obser- 
vation. To be an array means to have an arrangement, and to be ambient at a point 
means ^'^luv^und a pesitian in the envirjonmewit thai cotild be occupied by an observer. 
The position may or may not be occupied; Syr the present, let us treat it as if it were 
not. 

What is implied more specifica% fey an arfmKgenient? So ftir I have suggested only 
that it has structure, which is not vety explicit. The absence of structure is easier to 
describe. This would be a homogeneous field with no differences of intensity in different 
parfs. An array ea«Hiot be 'kcMegeiteeus; it <nti«t be lieteregeneous. That is, it cannot 
be undifferentiated, it must be differentiated; it cannot be empty, it must be filled; it 
cannot be formless, it must be formed. These contrasting terms are still unsatisfactory, 
hawever. It is di^cu-M to deitae the notibK of striitture. In the eSort to cIMfy it, a 
radical proposal will be made having to do with invariant structure. 

What is implied by ambient at a point? The answer to this question is not so 
dtffieult. T% fee ambient, an apuay mflst Suwcmnd tlie pt»M completely. It must be 
environing. The field must be closed, in the geometrical sense of that term, the sense 
in which the surface of a sphere returns upon itself. More precisely, the field is 
unbounded. Note tlud the field pto^eA by a picture #ii a plarre surface does not satisfy 
this criterion. No picture can be ambient, and even a picture said to be panoramic is 
never a completely closed sphere. Note also that the temporary field of view of an 
obsei-ver does mot satisf>' the c*fteri®n, feY it Sfsig lias boundaries. Tins feet is obviously 
of the greatest importance, and we shall return to it in Chapter 7 and again in Ghap- 
ter 12. 

FilKall^', wftal is impMed by ^ tWtih poftti in tfpe plfrSSfe pf)<nt of observation? 
Instead of a geometrical point in abstract space, I mean a position in ecological space, 
in a medium instead of in a void. It is a place where an observer might be and from 
which an aiit ^ t$l^6niatte omiB h€ tmde. Whereas sfbstracff spaee consists &{ points, 
eoological space consists of places — locations or positions. 

A sharp distinction will be made between the ambient array at an unoccupied 
point of obsei^atich^ and the arsay at a point tfeai>^i^d*i|lii^ ^iftn obsei-ver, human 



or other. When the position becomes occupied, something very interesting happens to 
the ambient array: it contains information about the body of the observer. This modi- 
fication of the array will be given due consideration later. 

The point of observation in ecological optics might seem to be the equivalent of 
the station point in perspective geoffffetfy, the kind of perspective used in the making 
of a representative painting. The station point is the p«int of projection for the picture 
plane on which the scene is projected. But the terms are not at all equivalent and 
should not be confiised, as we shall see. A station point has to be stationary. It cannot 
move relative to the world, and it must not move relative to the picture plane. But a 
point of observation never stationary, except as a limiting case. Observers ijsmve 
about in the environment, and observation is typically made from a moving position. 



HOW IS AMBIENT LIGHT STRUCTURED? 
PRELIMINARY CONSIDERATIONS 

If we reject the assumption that the environment consists of atoms in space and that, 
hence, the tight coming to a point in space consists of rays fi»m these MOMs, vAtat do 
we accept? It is tempting to assume that the environment consists of objects in space 
and that, hence, the ambient array consists of closed-contour forms in an otherwise 
empty field, or "figures on a ground." For each object in space^ there would correspond 
a form in the optic array. But this assumption is not close to being good enough and 
must also be rejected, A form in the array could not correspond to each object in space, 
.heaaase some objeals are liidtbwi be^faand ^hers. And In any case, to put it radically, 
the environment does not consist of objects. The environment consists of the earth and 
the sky with objects on the earth and in the sky, of mountains and clouds, fires and 
sunsets, pebbles and stars. Not all of these are segregated &bjeets, and some of them 
are nested within one another, and some move, and some are animate. But the 
environment is all these various things — places, surfaces, layouts, motions, events, 
ankmh^ people, and artifacts that structure the light at points of observation. The array 
at a point does not consist of forms in a f\eld. The f^ure-ground phenomenon does not 
apply to the world in general. The notion of a closed contour, an outline, comes fi om 
the art of drawing an object, and tiie phenomenon comes Btora the experimenft of 
presenting an observer with a drawing to find out what she perceives. But this is not 
the only way, or even the best way, to investigate jjerception. 

We obtain a better notion of the structure of ambient ligkt when we tliink of it as 
divided and subdivided into component parts. For the terrestrial environment, the 
sky-earth contrast divides the unbounded spherical field into two hemispheres, the 
h^mg %tight«r than the lower. Then botb are furlfctv suibdivtf ed, the lower 
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much more elaborately tlian the upper and in quite a diiTerent way. 'ffae components 
of the earth, as I suggested in Chapter 1. are nested at different levels of size — for 
example, mountains, canyons, trees, leaves, and cells. The components of the array 
from the earth also fall into a hierarchy of sitbordinate levels of size, bui( the eomponents 
of the array are quite different, of course, from the components of the earth. The 
components of the array are the visual angles from the mountains, canyons, trees, and 
leaves {actually, what are called solid angles in geometfyX and they are eonventicmally 
measured in degrees, minutes, and seconds instead of kilometers, meters, and milli- 
meters. They are intercept angles, as we shall see. All these optical components of the 
array, whateverr their s*ze, become varrishingly small at the margiti between earth and 
sky, the horizon; moreover, they change in size whenever the point of observation 
moves. The substantial components of the earth, on the other hand, do not change in 
size. 

There are several advantages in conceiving the optic array in this way, as a nested 
hierarchy of solid angles all having a common apex instead of as a set of rays intersecting 
at a point. Evef7 solid angle, no rttattsr ^low-small, hm form in the senst that its cross- 
section has a form, and a solid angle is quite unlike a ray in this respect. Each solid 
angle is unique, whereas a ray is not unique and can only be identified arbiti^arily, by 
a pair of coordinates. Striid angles can fill up a sphere in the way that sectors fH] up a 
circle, but it must be remembered that there are angles within angles, so that their 
sum does not add up to a sphere. The surface of the sphere whose center is the 
common Apeix of all l4ie Srolid angles (fan be thought of as a kind of transparent film or 
shell, but it should not be thought of as a picture. 

The structure of an optic array, so conceived, is without gaps. It does not consist 
of points or spots that are discret-e. It is completely filled. Every component is found 
to consist of smaller components Within the boundaries of any form, however small, 
there are always other forms. This means that the array is more like a hierarchy than 
like A matrix and that it should nW b^ atiMyzed int6 a Set of spots of tight, eSch with 
a locus and each with a determinate intensity and frequency. In an ambient hierarchical 
structure, loci are not defined by pairs of coordinates, for the relation of location is not 
given by degrees of azimuth and elevation (fbr example) but by fhe relation of inclusion. 

The difference between the relation ofmelric location and the relation of inc/us«on 
can be illustrated by the following fact. The stars in the sky can be located conveniently 
by degi%fes to the right of north and tieffees up from t!ie horizon. But etteh Star can 
also be located by its inclusion in one of the constellations and by the superordinate 
pattern of the whole sky. Similarly, the optical structures that correspond to the leaves 
and trees and hills of the earth are each included in the next larger structure. The 
texture of the earth, of course, is dense compared to the constellations of discrete stars 
and thus even less dependent than they are on a coordinate system. If this is so, the 
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perception of the direction of some particular item on the earth, its direction-from- 
here, is not a problem in its own right. The perceiving of the environment does not 
consist of perceptions of the differing directions of the items of the environment. 



THE LAWS OF NATURAL PERSPECTIVE: 
THE INTERCEPT ANGLE 

The notion of a visual angle with its apex at the eye and its base at an object in the 
world is very old. It goes back to Euclid who postulated what he called a "visual cone" 
for each object in space. The term is not exact, fbr the object need not be circular and 
the figure does not have to be a cone. Ptolemy spoke of the "visual pyramid," which 
implied that the object was rectangular. Actually, we should refer to the /ace of an 
object, which cSii ha^ any shape whatever, and to a corresponding solid angle, having 
an envelope. A cross-section of this envelope is what we call the outline of the object. 
We can now note that the solid angle shrinks as the distance of the object from the 
apex increases, and it is laterally squeezed as the face of the object is slanted or turned. 
These are the two main laivs of perspective for objects. Euclid and Ptolemy and their 

Fig:ure 5.2 

The ambient optic array from a room with a window. 
This drawing shows a cluttered environment where some sucfaces are projected at the point of 
observation and the remainder are not, that is, where some are unbidden and the others are 
hidden. The hidden surfaces are indicated by dotted lin.es. Only the feces of the layout of surfeces 
are shown, net the fecets of the ir sur&ces, that is, #i^r teidures. 
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successors for many centuries never doubted that objects were seen by means of these 
sohd angles, whether conical, pyramidal, or otherwise. They were the basis of ancient 
optics. Nothing was then known of inverted retinifl irnages, and the comparison of the 
eye with a camera would not be made for a thousand years. The ancients did not 
understand the eye, they were puzzled by light, they had no conception of the modem 
doctrine that nothing gets into the eye but light, but they were clear about vrsuti 
angles. 

The conception of the ambient optic array as a set of solid angles corresponding 
to objects is thus a continuation of ancient and nredieval optics. Instead of only free- 
standing objects present to an eye, however, I postulate an environment of illuminated 
surfaces. And instead of a group of solid angles, I postulate a nested complex of them. 
The large sohd angles in fhe anray come from the /aces of fhis layout, from the fitcades 
of detached objects, and from the interspaces or holes that we call background or sky 
(which Euclid and Ptolemy seem never to have thought oO- The small solid angles in 
the array come fi om what might be called thefacetf of the layout as distinguished from 
the faces, the textures of the surfaces as distinguished from their forms. As already has 
been emphasized, however, the distinction between these size-levels is arbitrary. 

Natural perspective, as I conceive it, is the study of an ambient array of solid 
angles that correspond to certain distinct geometrical parts of a terrestrial environment, 
those that are separated by edges and comers. There are elegant trigonometric relations 
between the angles and the environmental parts. There are gradients of size and density 
of the Angles along meridians of the lower half of the array, the earth, with sizes 
vanishing and density becoming infinite at the horizon. These relations contain a great 
amount of information about the parts of the earth. No one who understood them 
would think of questioning their validity. It is a perfectly clear and straightforward 
discipline, although neglected and undeveloped. But the environment does not wholly 
consist of sharply differentiated geometrical parts or forms. Natural perspective does 
not apply to shadows with penumbras and patches of fight. M does ncft apply to sunlit 
sur&ces with varying degrees of illumination. It geometrizes the environment and thus 
oversimplifies it The most serious limitation, however, is that natural perspective 
omits motion faom consideration. The ambient optic array is treated as if its structure 
were frozen in time and as if the point of observation were motionless. 

Although I have called this discipline natural perspective, the ancients called it 
perspeetiva, the Latin wopd for what'we now call optics. In modem timas, the term 
perspective has come to mean a technique — the technique of picture-making. A picture 
is a surface, whether it be painted by hand or processed by photography, and per- 
spective is the art of "representing" the geometrieal relationships of natural objects dn 
that suHace. When the Renaissance painters discovered the procedures for perspective 
representation, they very properly called the method arti^iaZ perspective , They under- 
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Stood that this had to be distinguished fi om the natural perspective that governed the 
ordinary perception of the environment. Since that time we have become so picture- 
minded, so dominated by pictorial thinking, that we have ceased to make the distinc- 
tion. But to confuse pictorial perspective with natural perspecbve is to misconceive the 
problem of visual perception at the outset. The so-called cues for depth in a picture are 
not at all the same as the information for surface layout in a frozen ambient array, 
although pictorial thinking about perception tempts us to assume that they are the 
same. Pictures are artificial displays of information frozen in time, and this fact will be 
evident when the special kind of visual perception that is nrediated by such displays is 
treated in detail in Part IV. 

Natural perspective, as well as artificial perspective, is restricted in scope, being 
concerned only with a frozen optical structure. This restriction will be removed in what 
follows. 



Figui-e5.3 

The same ambient array with the point of observation occupied by a person. 
When an observer is present at a paint of observation, the visual system begms to function. 
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OPTICAL STRUCTURE WITH A MOVING POINT 
OF OBSERVATION 

A point of observation at rest is only the limiting case of a point of observation in 
motion, the null case. Observation implies movement, that is, locomotion with refer- 
ence to the rigid environment, because atl obserfefis are atiiitials and alt animals are 
mobile. Plants do not observe but atfiMls do, Wft4 pltets do rtdt mOve about but 
animals do. Hence, the structure &f an optic array at a stationary point of observation 
is only a special case of the structure of an optic array at a moving point of observation. 
The point of observation norm^ly proceeds along a path of locomotion, and the "forms" 
of the array change as loconietion proceeds, More particularly, every solid angle 

Figure 5.4 

Tb« change of the optic array brought about by a locomotor movement of the observer. 
The thin soM lines indicate fhe amibient optic array for the seated observer, and the thfti dash^ 
lines the altered optic array after standing up and moving forward. The difi'erence between the 
two arrays is specific to the diflerence between the points of observation, that is, to the path of 
locomotion. Note that the whole ambient array is changed, including the portion behind the head. 
And note that what was previously hidden becomes unhidden. 
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included within the array, large or small, is enlarged or reduced or compressed or, in 
some cases, wiped out. It is wiped out, of course, when its surface gpes out of sight. 

The optic array changes, of course, as the point of obsiervation moves, But it also 
does not change, not completely. Some features of the array do not persist and some 
do. The changes come from the locomotion, and the nonchanges come from the rigid 
layout of the environmental suriaces. Hence, the nonchanges specify the layout and 
count as information about it^ the changes speciiy locomotion and count as another kind 
of information, about the locomotion itself. We have to distinguish between two kinds 
of structure in a normal ambient array, and I shall call them the perspective structure 
and the invariant structure. 



PERSPECTiVE iTHlPCTUME AND 
INVARIANT STRUCTURE 

The term structure is vague, as we have seen. Let us suppose that a kind of essential 
structure underlies the superficial structure of an array when the point of observation 
moves. This essential structure consists of what is invariant despite the change. What 
is invariant does not emerge uneqi^vQc^llir except with a flux. The essentials become 
evident in the context of changing n^ai^^^tials. 

Consider the paradox in the folloMlng piece of folk wisdom: "The more it changes, 
the more it is the same thing," Wherein is tt true and wherein &lse? If c/iange means 
to become different but not to be converted into something else, the assertion is true, 
arid the saying emphasizes the fact that whatever is invariant is more evident with 
change than it woufd^ without change. If chmge iMieans to become different by being 
converted into something else, the assertion is self-contradictory, and the paradox arises. 
But this is not what the word ordinarily means. And assuredly it is not what change in 
the ambient array m^tis. One arrangement does not become a wholly different ar- 
rangement by a displacement of viewpoint. There is no jump from one to another, only 
a variation of structure that serves to reveal the nonvariation of structure. The pattern 
of the array does not ordinarily sieintillate; the forms d! '&m- array do not go from 
triangular to quadrangular, for example. 

There are many invariants of structure, and some of them persist for long paths of 
locomotion whilg some p«rsist only for short yattbs. But what I am calling the perspective 
structure changes with every displacement of the paint of observation — the shorter the 
displacement the smaller the change, and the longer the displacement the greater the 
change. Assiiming tlta^t the (envirgnmaitt is nevi^r reduplicated from place to place, the 
arrested perspective is unique at each stationary point of observation, that is, for each 
point of observation there is one and only one arrested perspective. On the other hand. 
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invariants of structure are commoii to all points of observation — some for all points in 
the whole terrestrial environment, some only for points within the boundaries of certain 
locales, and some only for points of observation within (say) a single room. But to 
repeat, the invariant structure separates off best when the frozen perspective structure 
begins to flow. 

Consider, for example, the age-old question of how a rectangular surface like a 
tabletop can be given to sight when presumably all that an eye see is a large 
number of forms that are trapezoids and only one form that is rectangular, that one 
being seen only when the eye is positioned on a line perpendicular to the center of the 
surfate. The question has never betn answered, but it can be refbrmu!afted te ask. 
What are the invariants underlying the transfi:)rming perspectives in the array from the 
tabletop? What specifies the shape of this rigid surface as projected to a moving point 
of observation? Although the chfangirig angles and propsrtions of the set of trapezoidal 
projections are a fact, the unchanging relations among the four angles and the invariant 
proportions over the set are another fact, equally important, and they uniquely specify' 
the i«etangular surface. There will be experimental evidence about optical transfor- 
nrations as information in Chapter 9. 

We tend to think of each member of the set of trapezoidal projections from a 
rectaftgul^ object as being a form in spatife. A change is rtien a transition from one 
form to another, a transformation. But this habit of thought is misleading. Optical 
change is not a transition from one form to another but a reversible process. The 
sup^ficial §&rm becomes different, but the underlying form remains the same. The 
structure changes in some respects and does not change in others. More exactly, it is 
variant in some respects and invariant in others. 

The geometrical habit of separating ^ce frefii Hme and imagining sets of frozen 
forms in space is very strong. One can think of each point of observation in the medium 
as stationary and distinct. To each such point there would correspond a unique optic 
array. The set of all points is the space of the medium, and the corresponding set of all 
optic arrays is the whole of the available information about layout. The set of all line 
segments in the space specifies all the possible displacements of points of observation 
in the medium, and the corresponding set of transfmndfton ^milies gives t4*e infor- 
mation that specifies all the possible paths. This is an elegant and abstract way of 
thinking, modeled on projective geometry. But it does not allow for the complexities 



Reduplicatiqn 

It is easy to make copies or duplicates of a picture but the world is never exactly the same in one 
place as it is in another. Nor is one organism ever exactly the same as another. One cubic yard 
of emfty abstract space is exactly the same as another, but (Stat ista different mattar. 



of optical change and does not do justice to the fact that the optic array /?o«>s in time 
instead of going from one structure to another. What we need for the formulation of 
ecological optii^ are not the traditional notions of space and time but the concepts of 
variance and invariance considered as reciprocal to one another. The notion of a set of 
stationary points of observation in the medium is appropriate for the problem of a 
whole crowd of observers standing in different positions, each of them perceiving the 
environment from his own point of view. But even so, the fact that all observers can 
perceive the same environment depends on the fact that each point of view can move 
to any other point of view. 

TH« SIGNIFICANCE OF CHANGING PERSPECTIVE 
IN THE AMBIENT ARRAY 

When the moving point of ol)5eif<ation is understood as the general case, the stationary 
point of observation is more intelligible. It no longer is conceived as a single geometrical 
point in space but as a pause in locomotion, as a temporarily fixed position relative to 
the environment. Accordingly, an arrested perspective structure in the ambient array 
specifies to an observer such a fixed fKJsition, that is, rest; and a flowing perspective 
structure specifies an unfixed position, that is, locomotion. The optical information for 
distinguishing locomotion from nonlocomotion is available, and this is extremely valu- 
able for all observers, human or animal. In physics the motion of an observer in space 
is "relative," inasmuch, as what we call motion with reference to one chosen frame of 
reference may be nonmotion with reference to another frame of reference. In ecology 
this does not hold, and the locomotion of an observer in the environment is absolute. 
The environment is simply that with respect to which either locomotion or a state of 
rest occurs, and the problem of relativity does not arise. 

Locomotion and rest go with flowing and frozen perspective structure in the 
ambient array; they are what the flow and the nonflowmean. They contain information 
about the potential observer, not information atwut the environment, as the invariants 
do. But note that information about a world that suriounds a point of observation 
implies information about the point of observation that is surrounded by a world. Each 
kind of information impUes the other. Later, in discussing the occupied point of 
observation, I shall call tile fortnet e^^ermpecij^ information and the latter propHo- 
specific information. 

Not only does flowing perspective structure specify' locomotion, but the particular 
instance of flow specifies the particular path of locomotion. That is, the difference of 
perspective between the beginning and the end of the optical change is specific to the 
difference of position between the beginning and the end of the locomotor displace- 
ment. But more tha» tiW; tli&fM$«^'i«e Sfl^MSw is specific to the route the 
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path of locomotion takes through the environment. Between one place and another 
there are many diffei ent routes. The two places are specified by their different arrested 
perspectives, but the different routes between them are in correspondence with dif- 
ferent optical sequences between the two perspectives. There will be more of this 
later. It is enough now to point out that the visual control of locomotion by an observer, 
purposive lecombtidft tech aS hbrniftg, migrlRfhg; ftndMg*iS8's way, ^ettJiff flhSffi ptee 
to place, and being oriented, depends on just the kind of sequential optical information 
de-Scribed. 

It is important to realize that the flowing perspective structure and the underlying 
invariant structure are concurrent They exist at the same time. Although they specify 
different things, locomotion through a rigid world in the first instance and the layout 
of that rigid world in the second instance, they are like the two sides of a coin, for each 
implies the other. This hypothesis, that optical change can seemingly specify two things 
at the same time, sounds very strange, as if one cause were having two effects or as if 
(me stimulus wengrannusing two sensat-ttuns. But there is nothing illogical about the idea 
of concurrent specification ef two reciprocal things. Such an idea is much need^ in 
psychology. 



THE CHANCE BETWEEN HIDDEN 
AND UNHIDDEN SURFACES: COrVERINC EDGES 

We are now prepared to face a fact that has seemed deeply puzzling, a fact that posei 
the greatest difficulty for all theories of visual perception based on sensations, ifife 
layout of the environment includes unprojected (hidden) surfaces at a point of obser- 
vation as well as projected surfaces, but observers perceive the layout, not just the 
projected surfaces. Things are seen in the round and one thing is seen fn front of 
another. How can this be? Information must be available for the whole la^tHut, not just 
&r its facades, for the Coiveiwd Surface as well as the covering surfaces. What is this 
information'' Presumably it l»Bet)ities evident over time, with changes of the array. I 
will argue that the infoitnation is implicit in the edges that separate the surfaces or, 
rather, in the optical specification of these edges. I am suggesting that if covering edges 
are apeeified, both the covered and the covering surfaces ^ ^(sB Sfcwified. 

To suggest that an observer can see surfaces that are unseen is, of course, a 
paradox. I do not mean that. I am not saying that one can see the unseen, and I am 
suspicious of visionaries who claim that they can, A vast amount of mystification in ^e 
history of human thought has arisen from this paradox. The suggestion is that one can 
perceive surfaces that ape temporarily oaf o f sight, and what it is to be out of sight will 
be earefully defined The impoKant fact is that they ornne into sight and go out of «ght 
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as the observer moves, first in one direction and then in the opposite direction. If 
locomotion is reversible, as it is, whatever goes out of sight as the observer travels 
comes into sight as the observer returns and conversely. The generafity of this principle 
has never been realized; it applies to the shortest locomotions, in centimeters, as well 
as to the longest, in kilometers. But it has not been elaborated. I will call it the 
principle of reversibte occtitfidn. The fhebry df the ciJfes for def)th perception inckid^ 
one cue called "movement parallax" and another called "superposition," both related 
to the above principle, but these terms are vague and do not even begin to explain 
what needs ft) be explained. '\!t'f*st wfe see is not d^th as such but one thing behind 
another. The new principle aan be made explicit. I will attempt to do so, at seme 
length. 

Figure 5.5 

Objects se«n in the round and b^iiui> otbiBr «|bjects. 
Do you perceive cov^ed sur&*fes as well as covering surfaces in this photagraph? (Photo by Jim 

Scberer ) 




THE AMBIENT OPTIC ARRAY 



PROJECTED AND UNPROJECTED SURFACES 



There are many eommonsense words that refer to the fact of covered and uncovered 
things. Objects and surfaces are said to be hidden or unhidden, screened or unscreened, 
concealed or revealed, undisclosed or disclosed. We might borrow a technical word in 
astronomy, occultation, but it means primarily the shutting off of the tight from a 
celestial source, as in an eclipse. We need a word for the cutting off of a visual solid 
angle, not of light rays. I have chosen the word occlusion for it. An occluded surface 
is one that is out of sight or hidden from view. An occluding edge is the edge of an 
occluding surface. The term was first introduced in a paper by J. J. Gibson, G. A. 
Kaplan, H. N. Reynolds, and K. Wheeler (1969) on the various ways in which a thing 
can pass between the state of being visible and the state of being invisible. The 
experiment will be described in Chapter 11. 

Occlusion arises because of two facts about the environment, both described in 
Chapter 2. First, surfaces are generally opaque; and second, the basic environment, 
the earth, is geneially cluttered. As to the first, if surfaces were as transparent as air, 
they would not reflect light at all and there would be no use for vision. Most substances 
are nontransmitting (they reflect and absorb instead), and therefore light is reflected 
back from the surface. A few substances are partial^ tran^rattting or "translucent," and 
hence a sheet of such a substance will transmit part of the radiant light but will not 
transmit the structure of the ambient array; it will let through photons but not visual 
solid angles. There can be an obstructing of the view without obstructing of the light, 
although an obstructing of the light will of course also obstruct the view. If we add the 
fact that surbces are also generally textured, the facts of opaque surfaces as contrasted 
with the sur&ees of semitransparent and transluiaent substances become intelligible. 

The second fact is that the environment is generally cluttered. What I called an 
open environment is seldom or never realized, although it is the only case in which all 
surfiic^ p'fojecfted and none are unprojected. Am (fp^ envk&foeimi has what we 
call an unobstructed view, But the flat and level earth receding unbaj^kem to a pure 
linear horizon in a great circle, with a cloudless sky, would be a desolate environment 
indeed. Perhaps it would not be quite as lifeless as geometrical space, but almost. The 
furniture of the earth, like the furnishings of a room, is what makes it livable. The 
eaith as such afibrds only standing and walking; the fiimiture of the earth affords all 
the rest of bsha^r. The main items of the ctbtter (MliMng the terminology adopted 
in Chapter 3) are objects, both attached and detached, enclosures, convexities such as 
hills, concavities such as holes, and apertures such as windows. These features of 
sur£ice layout give rise to occluding surfaces or, more exa@%, ti) tlte separation of 
occluding and occluded surfaces. 

A sui"face is projected at a point of observation if it has a visual solid angle in the 
ambient optic array; it is unprojected if it does not. A projected surface may become 
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unprojected in at least three ways — if its solid angle is diminished to a point, if the 
solid angle is compressed to a line, or if the solid angle is wiped out. In the first case 
we say that the surface is too far away, in the second that it is turned so as not to face 
the point of observation, in the third that the view is obstructed. The second case, that 
of facing toward or awi^, is instructive. A wall or a sheet of paper has two "faces" but 
only one can face a fixed point. The relation between the occluding and occluded 
surfaces is given by the relation of each to the point; the relation is not merely 
geometrical but also optical. The relation is designated when we distinguish between 
the near side and the /or side of an object. (It is not, however, well expressed by the 
terms front and bach, since they are ambiguous. They can refer to such surfaces as the 
fi'ont and the back of a house or the front and the back of a head. Terms can be 
borrowed from ordinary language only with discretion!) 



GOING OUT OF AND COMING INTO SIGHT 

A point of observation is to be thought of as moving through the medium to and fio, 
back and forth, often along old paths but sometimes along new ones. Displacements of 
this position are reversible and afe r&it^ed as its occupier comes and goes, even as 
she slightly shifts her posture. Any face or facet, any sur&ce of the layout, that is 
progressively hidden during a displacement is progressively unhidden during its re- 
versal. Going out of sight is the inverse of coming into sight. Hence, occluding and 
occluded surfaces interchange. The occluding ones change into the occluded ones and 
vice versa, not by changing from one entity to another but by a special transition, 

The terms disappearance mti its opposite, appearance, should not be used for this 
transition They have slippery meanings, like visible and invisible. For a surface may 
disappear by going out of existence as well as by going out of sight, and the two cases 
are profoundly diSierent, A sur&ce that disap{»ears because it is no longer projected to 
any point of observation, because it has evaporated, for example, should not be confused 
with a surface that disappears because it is no longer projected to a fixed point of 
dbservation. The latt«r ean be seen tloin ansftter ptssition; the former cannot be seen 
from any position. Failure to distinguish these meanings of disappear is common; it 
encourages careless observation and vague beliefe in ghosts, or in the reality of the 
"uAseen." To disappear can also refer a sur&ee that continues to exist but is no 
longer projected to any point of observation because of darkness. Or we might speak 
of something disappearing "in the distance," referring to a surface barely projected to 
a point of observation because its vistisH solid angle has diminished to a limit. These 
modes of so-called disappearance are quite radically different. The differences between 
(1) a surface that ceases to exist, (2) a surface that is no longer illuminated, (3) a surface 
that lies om tfie horizon, and (4) & sar&ce that is oecluded are described in a paper by 
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Gibson, Kaplan, Reynolds, and Wheeler (1969) and are illustrated in a riHition pi«tli» 
film (Gibson, 1968a). An e>q)erimental study of the perception of occlusion using motion 
picture displays has been reported by Kaplan (1969). 

THE LOCI OF OCCLUSION; OCCLUDING EDGES 

We must now distinguish an edge that is simply the junction of two surfaces fiom an 
edge that causes one surface to hide another, an occluding edge. In the proposed 
terminolog\' erf' la9«ut in Chapter 3, I d^n^d ail' gt^^ s& the apex of a convex daliedral 
las distinguished from a corner, which is the apex of a concave dihedral). But an 
occluding edge is a dihedral where only one of the surfaces is projected to the point of 
observation — an apical occluding edge. I alss defined a cm'ved conve^y (as distin- 
guished from a curved concavity), and another kind of occluding edge is the brow of 
this convexil>-, that is, the line of tangency of the envelope of the visual solid angle — 
a c^urce^f etidtuding edge. The aptieal occluding edge is "sharp," atfdthe ettrvedeectaditig 
edge is "rounded." The two are illustrated in Figure 5.6. The latter slides along the 
surface as the point of observation moves, but the former does not. Note that an 
occluding edge alwav's requires a convexity of some sort, a protrusion of the substance 
into the medium. 

These two kinds of occluding edges are found in the ells of corridors, the brinks 
of eliSs, the hpdvfs af hills, a«l the nmr tides of holes in the gfoand. One face or facet 
or part of the layout hides another to which it may be connected and which it may 
adjoin. This is diHerent fix)m what 1 called a detached object, by which I mean the 
moviable &r Wioving sbjiscf hiring a t^idogi^lly ctesed surfcce with suliStante inside 
and medium outside. The detached object produces a visual solid angle in the optic 
array, as noted by Euclid and Ptolemy, and yields a closed-contour figure in the visual 

Figure 5.6 

The sharp ocdluding edge and the rounded occluding edge at a fixed point of 

observation. 

The hidde;) pqiitions of ftie sui%^ la^tiut are indk^tiKl hy #C(^d lines. 
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field, as described by Edgar Rubin and celebrated by the gestalt psychologists under 
the name of the "figure-ground phenomenon." Occluding edges are a special case, 
because not only does the near side of the object hide the fer side but the object covers 
a sector of the surface behind it, the ground, for example. The occluding edges may be 
apical, as when the object is a polyhedron, or the locus of the tangent of the envelope 
of the solid angle to the surface, as when the object is curved. These are illustrated in 
Figure 5. 7, where both the hiding of the lar side and the covering of the background 
are shown. The object is itself rounded or solid, and it is superposed on the ground, 
which is also continuous behind the object. These two kinds of occlusion may be treated 
separately. 



SELF-OOCLUSION AND SUPERPOSITION 

An object, in the present terminology, is both voluminous and superposed. It exists in 
Ifolurte and it may" He fn front af anflther siA-ik«% tif another object. In shsrt, an object 
always occludes itself and generally also occludes something else. The efiect of a moving 
point of observation is different in the two cases. 

Pcojeet^ aitd luiprajected sur&ces interchange as the paint of observation moves, 
but the interchange between parts of the object is not like that between parts of the 
background. There is an interchange between opposite faces of the object but an 
interchange of ai^meiU ta^afe ef the sm&m behind the object, For the ob^ct, the near 
side turns into the far side and vice versa, whereas for the background an uncovered 

Figure 5.7 

Bolh the far side of an object and the background of the object are hidden by its 

occluding eddies. 

Two detach^ obieSfes are shvwn. one with sharp o^cluditig edges and the other with roundfed 
occluding edges. 
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area becomes cxjvered and vice versa. The change of optical structure in the former 
case is by way of perspective transformation, whereas the disturbance of optical struc- 
ture in the latter casd is more radical, a "kinetic disTii|rt}Dn" being involved. 

In Figure 5.7, as the point of observation moves each face of the iacade of the 
polyhedron undergoes transformation, for example, from trapezoid to square to trap- 
ezoid. Ultimately, when the fkte is maximally foreshortened, it is what we call "edge 
on," that is, it becomes an occluding edge. The near face turns into a far face by way 
of the edge. While this is happenirig at one edge, the other edge is revealing a 
previously hidden face. A far face turns into a near face. The two occluding edges in 
the diagram are perfectly reciprocal; while one is converting near into far, the other is 
converting far into near. The width of the polyhedron goes into depth, and the depth 
comes back into width. WidfTi and depth are thus interchangeable. 

Similarly, one could describe the transformation of each facet of the textured 
surface of the curved object. If the object is a ^here, the circular occluding edge (the 
outline, in pictorial terminology) does not transform, but the optical structure within 
it does. At one edge the texture is progressively turning from projected into unpro- 
jected, fr om near into far, while at the other edge the texture is progressively turning 
from unprojected into projected, from far into near. The transition occurs at the limit 
of the slant transformation, the ultimate of perspedive fbreshoptening, but acduaUy the 
optical texture reaches and goes beyond this purported limit. It has to go beyond it 
because it comes fr om beyond that limit at the other occluding edge. 

SUPERPOSITION 

Now consider the separated background behind the objects in Figure 5.7, the fact of 
superposition as distinguished from the fact of solidity. As the point of observation 
moves, the envelope of (he visual solid angle sweeps dsross the surface. The leading 
edge progressively covers the texture of the suiface, while the trailing edge progres- 
sively uncovers it. 1 have suggested metaphorically that the texture is "wiped out' and 
"un wiped" St the lateral borders of the figure (Oibsm, li66b, pp. 199 K). This was 
inspired by the metaphors used by A. Michotte in describing experiments on what he 
called the "tunnel effect" (Michotte, Thines, and Crabbe', 1964). A somewhat more 
exact description of ibis optical change will be given below. But note ftia't if'*he texture 
that is progressively covered has the same structure as the texture that is progressively 
uncovered the unity of the surface is well specified. 

The metaphor of "wilplng" it inexaet. A better description of the opitical transition 
was given by Gibson, Kaplan, Reynolds, and Wheeler (1969), and it was also described 
by Kaplan (1969) as a "kinetic disruption." There is a disturbance of the structure of 
the array that is net a transformation, not even a transforniatfon that passes through its 




vanishing limit, but a breaking of its adjacent order. More exactly, there is either a 
progressive decrementing of components of structure, called deletion, or its opposite, 
a progressive incrementing of components of structure, called accretion. An edge that 
is covering the background deletes from the array; an edge that is uncovering the 
background accretes to it. There is no such disruption for the surface that is covering 
or uncovering, only for the surface that h being covered or uncovered. And nondis- 
ruption, I suggest, is a kind of invariance. 



THE INFORMATION TO SPECIFY THE 
CONTmUATIO*! OF SURFACES 

A surface always 'bends under" an occluding edge, and another surface generally 
"extends behind" it. These surfaces are connected or continuous. Is there information 
in a changing optic array to specify the connnectedness or continuity? 
Here is a tentative hypothesis ftir the continuous object surface: 

Whenever a perspective transformation of form or texture in the optic array goes to its 
limit and tchen a series of forms or textures are progressively foreshortened to this 
limit, a continuation of the surface of an object is specified at an occluding edge. This 
is the forntula for goi^ out of sight; the formula is reversed for coming into sight. 

Here is a tentative b)f)otbesjs for 4he continuous background surfaces 

Whenever there occurs a rtgutar disturbance of the persistence of forms and textures 
in the optic array such that they are progressively deleted at a contour, the continuation 
of the surface of a ground is specified at an occluding edge. Tins is for going out of 
sight; substituting accretion for deletion gives the formula for coming into sight. 

These two hypotheses make no assertions abouil perception, only about the infor- 
mation that is normally available for perception. They do not refer to space, or to the 
third dimension, or to depth, or to distance. Nothing is said about forms or patterns in 
two dimensions. But tbey sliggeit a radically new btsis fer^Aplaining the perception 
of solid superposed objects, a new theoiy based not on cues or clues or signs but on 
the direct pickup of solidity and superposition. An object is in fact voluminous; a 
backgFDtind iS'lin fact continMus. A picture or an image of an object is irrelevant to the 
question of how it is perceived. 

The assumption for centuries has been that the sensory basis for the perception of 
an object is the outline fenm of its image on the retina. Object perception can only be 
based on form perception. First the silhouette is detected and then the depth is added, 
presumably because of past experiences with the cues for depth. But the fact is that 
the progressive fop^hantening of the face of an ob^et is parGdV«d as^^e turning of the 
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object, which is precisely what the transformation specifies, and is never perceived as 
a change of form, which ought to be seen if the traditional assumption is correct — that 
the silhouette is detected and then the depth is added. 

The two hypotheses stated above depend on a changing optic aray, and so far the 
only cause of such change that has been considered is the moving point of observation. 
The reader will have noted that a moving object will also bring about the same kinds 
of disturbance in the structure of the array that have been described above. A moving 
object in the world is an event, however, not a form of locomotion, and the information 
for the perception of events will be treated in Chapter 6. 

THE CASE OF VERY DISTANT SURFACES 

It is interesting to compare the occluding edges of objects and other convexities on the 
surfece of the earth with the horizon of the earth, tie great circle dividing the ambient 
array into ^vo hemispheres. II is the limit of perspective ItiinfScation fer terrestrial 
surfaces, just as the edge-on line is the limit of perspective compression (foreshortening) 
for a terrestrial surface. Objects such as railroad trains on the Great Plains and ships 
on the ocean ate said to vanish in the distance as ihef move away from a Rued peifit 
of observation. The line of the horizon in the technology of pictorial perspective is said 
to be the locus of vanishing points for the size of earth-forms and for the convergence 
of parall^ edges on the earth. The railroad train "vanishes" at the same optical point 



Figure 5.S 

Cartoon. (Drawing by S. HarriSv'© 1975 Th^ New ?f»rker Magaziri*, Inc.) 




THE INFORMATION FOR VISUAL PERCEPTION 



where the railroad tracks "meet" in the distance. The horizon is therefore analogous to 
an occluding edge in being one of the loci at which things go out of and come into 
sight. But going out of sight in the disfance is very different from going out of sight at 
a sharp or a rounded edge nearby. The horizon of the earth, therefore, is not an 
occluding edge for any terrestrial object or earth-form. It does not in fact look like an 
occluding edge. It couid only be visualized as an occluding edge for the Mtids and seas 
beyond the horizon if the seemingly flat earth were conceived as curved and if the 
environment were thought of as a glebe too vast to see. 

It has long been a puzzle to human observers, however, that the horizon is in fact 
visibly an occluding edge for celestial objects such as the sun and the moon. Such 
objects undergo progressive deletion at a contour, as at sunset, and undergo pro- 
gressive accretion at the same contour, as at mooirrise. This is in accordance with the 
second hypothesis above. The object is obviously beyond the horizon, more distant 
than the visible limit of earthly distance, and yet there is some ini<}rmation for its being 
a solid surface. This conflicting information explains, I think, the apparently enormous 
size of the sun and the moon at the horizon. It also explains many of the ideas of pre- 
Copemiean astronomy about heavenly bodies. We should realize that the terrestrial 
environment was the only environment that people could be sure of before Coperni- 
cus — the only environment that could be perceived directly. Terrestrial objects and 
surfaces had afibrdances for behavior, but celestial objects did not. More will be said 
about the perception of objects on earth as distinguished from objects in the sky in 
Part III. 



SUMMARY: THE OPTTCS OF OCCLUSION 

1. In the ideal case of a terrestrial earth without clutter, all parts of the surface 
are projected to all points of observation. But sucb an open environment would hardly 
afford life. 

2. In the case of an earth with furniture, with a layout of opaque surfaces on a 
substratum, some parts of the layout are projected to any given fixed point of obser- 
vation and the remaining parts are unprojected to that point. 

3. The optically uncovered surface of an object is always separated from the 
optically covered surface at the occluding edge. At the same time« 4t is always connected 
with the optically covered surface at the occluding edge. 

4. The continuatvsn of the far side with the near side is spieeifigd ly the recers- 
ihility of occlusion. 

5. Any surikce of the layout that is hidden at a given fixed (xiint of observation 
will be unhidden at some other fiked paint. 
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6. Hidden and unbidden surfaces interchange. Whatever is revealed by a given 
movement is concealed by the reverse of that movement. This principle of reversible 
occhision holds true for both movements of the point of observation and motions of 
detached objects, 

7. We can now observe that the separation between hidden and unhidden 
surfaces at occluding edges is best specified by the per^peeftve striicture of an Stf&f, 
whereas the connection between hidden and unbidden surfeces at edges is specified by 
the underlying invariant structure. Hence, probably, a gause in locomotion calls 
attention to the diffirenee beftv%efl ^ hidden and &e HnhiAdeA, whereas Iva^maition 
makes evident the continuousness between the hidden and the unhidden. 

The seeming paradox of the perceiving or apprehending of hidden surface will be 
treated further in Chapter 11. 



HOW IS AMBIENT LIGHT STRUCTURED? 
A THEORY 

Let us return to the question of how ambient light is given its invariant structure, the 
«|uestion asked at the beginning of this chapter but not answered except in a preliminary 
way. Ambient light can only be structured by something that surrounds the point of 
observation, that is, by an snvironmeni. It is not structured by an empty medium of 
air or by a fog-filled me^Stim. There have to be suifEueeS — both th<9se that emit light 
and those that reflect light. Only because ambient light is structured by the substantial 
en\»ronment can it contain information about it. 

So far it has been emphasized that ambient light is made to constitute an array by 
a single feature of these surfaces, their layout. But just how does the layout structure 
the light? The answer is not simple. It involves the piuzzling complexities of light and 
shade. Moreover, the layout of surfaces is not the onl5' cause-of the structuring of light; 
the conglomeration of surfaces makes a contribution, that is, the fact that the environ- 
ment is multicolored. The different surfaces of the layout ar* made of different sub- 
stances with different reflectances. Both lighted or shaded surfaces and black or white 
surfaces make their separate contributions to the invariant structure of ambient light. 
And how light-or-shade can be perceived separately from black-or-white has long been 
a puzzling problem for any theory of visual sense perception. 

I tried to formulate a theory of the structuring of ambient light in my last book 
(Gibson, 1966&), asserting that three causes existed, the layout of surfaces, the pig- 
!iieiit3tion of surfaces, and the shadowing of surfaces (pp. 20S-216). But the third of 
these causes is net cegnate with the other two, and the interaotion bet\meen them was 



not dSStfly explained. The theory was static. Here, I shall formulate a theory of the 
sources of invariant optical structure in relation to the sources of variation in optical 
structure. What is clear to me now that was not dear befere is that structure as such, 
frozen structure, is a myth, or at least a limiting case. Invariants of structure do. not 
exist except in relation to variants. 

THE SOURCES OF INVARIANT OPTICAL STRUCTURE 

The main invariants of the terrestrial environment, its persisting features, are the layout 
of its surfaces and the reflectances of these surfaces. The layout tends to persist because 
most of the substances are sufficiently solid that their surfeces are rigid and resist 
deformation. The reflectances tend to persist because most of the substances ar* 
chemically inert at their interfaces with the air, and their surfaces keep the same 
composition, that is, the same colors, both achromatic and chromatic. Actually, at the 
level of mtCimlavout ^t^ifture) and microcomposition (conglomeration), layout and re- 
flectances merge. Or, to pat it differently, the l^j^t texture and the pigment textur-e 
become inseparable. 

Note once more that an emphasis on the geometry of surfaces is abstraet and 
oversimplified. The faces of the world are not made of some amorphous, colorless, 
ghostly substance, as geometry would lead us to believe, but are made of mud or sand, 
wood or metal, fur or feathers, skin or fabric. The faces of the world are colorful as well 
as geometrical. And what they afford depends on their substance as well as their shape. 

THE SOURCES OF VARIANT OFTICAL STRUCTURE 

Thews are two feguhr an^ aa&uwetit souwes ^changing structure in the ambient light 
(apart from local events, which will be considered in the next chapter). First, there are 
the changes caused by a moving point of observation, and second, there are the changes 
caused by a mtoviing Miurte of illamtnatfen, dually «the sun. Many pages have been 
devoted to the former, and we must now consider the latter. The motion of the sun 
across the sky from sunrise to sunset has been for countless millions of years a basic 
rclguliiri!^ (ff n9Mr-«. II is ^ fact «f eeolo^^<jptid» And A condition of the evolution of 
eyes in terrestrial animals. But its im^rlanee fer the theory of vision has not been 
fu% recognized. 

The puzzhAg Gion«pI#xitic!!s of liglift and shaid«'=caitiiOt -lie understood without taking 
into account the fact of a moving source of illumination. For whenever the source of 
light moves, the direction of the light falling on the surfaces of the world is altered and 
th« shaiows themselves mbv^ Vhe lay0id and opl^ntim of surtiees persist, but the 
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lightedness and shadedness of these surfaces do not. It is not just that the optic array 
is diflerent at noon with high illumination from what it is at twilight with low illumi- 
nation; it is that the optic array has a different structure in the afternoon than it has in 
the morning. 



VARIANTS AND INVARIANTS WITH A MOVING 
SOURCE OF ILLUMINATION 

Just how does pure layout structure the ambient light? It is easy to understand how a 
mosaic of black and white substances would structure the ambient light but not how 
a pwe layotit woiM do so. For in this ease the structuring would have to be atihieved 
wholly by differential illumination, by light and shade. There are two principles of light 
and shade under natural conditions that seem to be clear: the direction of the prevailing 
illumination and the progressive w^fleening of illtRninatton ^th imiltiple reiflection. 

The illumination on a surface comes from the sun, the sky, and other surfaces that 
face the surface in question. A surface that feces the sun is illuminated "directly, " a 
swfaee that faees away (mm the sun but stitl feces the sky 'is illuminated less dkectly, 
and a surface within a semienclosiire that faces only other surfeces is illuminated still 
less directly. The more the light has reverberated, the more of it is absorbed and the 
dimmer it becomes. Henee it is that suHie^ {ar from the mouth of a cave are more 
weakly illuminated than 'those near the mouth. But within any airspace, any concavity 
of the terrain or any semienclosure, there is a direction of the prevailing illumination, 
that is, a direction fi-0m whieh more Ught comes than frtm atiy offlier. 

The illumination of any face of the layout relative to adjacent faces depends on its 
inclination to the prevailing illumination. Crudely speaking, the surface that "faces the 
light" gets moFe fhan its neighbor. Mere exacdy, a sorface fierpendictiltar t& the 
prevailing illumination gets the most, a surface inclined to it gets less, a surface parallel 
to it gets still less, and a surface inclined away from it gets the least. The pairs of terms 
lighted an3^ ^mdou»d eft in light and in ^tadoto should not be taken as diiehotoHiies, for 
there are all gradations of relative light and shade. These two principles of the direction 
and the amount of illumination are an attempt to distill a certain ecological simplicity 
fitim the enermous complexities of analytical physical optics and the muddled practice 
of illumination engineering. 

A wrinkled surface of the same substance evidently structures the ambient light 
by virtae dK two facts: there is always a prevailing dir-ection of illumination, and 
consequently the slopes facing in this direction throw back more energy than the slopes 
not lacing in this direction, \fiat surface oi different substances structures the ambient 
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light by virtue of the simple feet that the parts of high reflectance throw back more 
energy than the parts of low reflectance. 

Figure 5.9 shows an array from a wrinkled layout of terrestrial surfaces, actually 
an aerial photograph of barren hills and valleys. The bare earth of this desert has 
evei'V'where the same refle<rtance. The top of the photograph is to the north of the 
terrain. The picture was taken in the morning, and the sun is in the east. Some of the 
slopes face east, and some face west; the former are lighted and the latter shaded. It 
can be observed that various inclinations of these surfaces to the direction of the 
prevailing illumination determine various relative intensities in the array; the more a 
surface departs from the perpendiaulac to this direction, the darker is the corresponding 
patch in the optic array. 

Now consider what happens as the sun moves across the sky. All those surfaces 
that were lighted the ntetning wntl be shaded in the afternoon, and all those that 
were shaded in the morning will be lighted in the afternoon. There is a continual, if 
slow, process of change from lighted to shaded on certain slopes of the layout and the 
reverse change on certain other slopes. These slopes are related by orientation. Two 
faces of any convexity are related in this way, as are two faces of any concavity. A ridge 
can be said to consist of two opposite slopes, and so can a valley. The reciprocity of 
li^t and shade on such surfaces might be described by saying that the lightness and 
the shadedness exchange places. The underlying surfaces do not inteichange of course, 
and their colors, if any, do not interchange. They are persistent, but the illumination 
is variable in this special reciprocal way. 

In the optic array, presumably, there is an underlying invariant structure to specify 
the edges and corners of the layout and the colors of the surfaces, and at the same time 
theve is a changing structure to specify the temporary direction of the pKvailing 
illumination. Some components of the array never exchange places — that is, they are 
never permuted — whereas other components of the array do. The former specify a 
solid suffece; the latter specify insubstantial shadows only. The surface and its color are 
described as opaque; the shadow is described as transparent. 

The decreasing of illumination on one slope and the increasing of illumination on 
an adjacent slope as the sun moves are analogous to the foreshortening of one slope 
along with the inverse foreshortening of an adjacent slope as the point of observation 
moves. I suggest that the true relative colors of the adjacent surfeces emerge as the 
lighting changes, just as the true relative shapes of the adjacent surfeces emerge as the 
perspective changes. The perspectives of the convexities and concavities of Figure 5.9 
are variant with locomotion, the shadows of these convexities and concavities are variant 
with time of day; the constant properties of these surfaci^s underlie the changing 
perspectives and the changing shadows and are specified by invariants in the optic 
array. 
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Figure 5.9 

Hills and valleys on the surface of the bairen earth. 
The hills in this aerial photograph, the convexities or ^lo^Memnipei, can be compared to the 
"humps" shown in Figure 5.1 
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It is true that the travel of the sun across the sky is veiy slow and that the 
ctrrelated interchange of the light and the shade on surfaces is a very gradual fluctua- 
tion. Neither is as obvious as the motion perspective caused by locomotion. But the 
fact is that shifting shadows and a moving sun are regularities of ecological optics 
whether or not they are ever noticed by any animal. They have set the conditions for 
the perception of the ferritin by fferresfrial anirttaib since life emerged from the sea. 
They make certain optical information available. And, although shifting shadows and 
a moving sun are too slow to be noticed in daylight, a moving source of illumination 
and the resultiant shadows become moi% ofewious at night. One has only to carry a light 
from place to place in a cluttered environment in order to n«tice the radical shifts in 
the pattern of the optic array caused by visibly moving shadows. And yet, of course, 
the layout of surfeees and their relative coloration is visible underneath the moving 
shadows. 

How the differential colors of sui"laces are specified in the optic array separately 
from the differential illumination of surfaces is, of course, a great puzzle. The difference 
between black and white is never confused with the difference between lighted and 
shadowed, at least not in a natural environment as distinguished from a controlled 
laboratory display. There are many theories of this so-called constancy of colors in 
perception, but none of them is convincing. A new approach to the problem is suggested 
by the above considerations. 

From an ecological point of view, the color of a surface is relative to the colors of 
adjacent surfaces; it is not an absolute color. Its reflectance ratio is specified only in 
relation to other reflectance ratios of the layeut. For the natural environment is an 
aggregate of substances. Even a sur&ce is sometimes a conglomerate of substances. 
This means that a range of black, gray, and white surfaces and a range of chromatically 
colored surfaces will be projected as solid angles in a normal optic array. The colors are 
not seen separately, as stimuli, but together, as an arrangement. And this range of 
colors provides an invariant structure that underlies both the changing shadow structure 
with a moving sun and the changing perspective structure with a moving observer. 
The edges and comers, the convexities and concavities, are thus specified as multicol- 
ored surfaces, not as mere sl(^«s; M spelled' flC girained or piebald or whatever, net 
as ghostly gray shapes. 

The experimental discoveries of E, H. Land (1959) concerning color perception 
with what he calls a "complete image" as distinguished f rom color perception with 
controlled patches of radiation in a laboratory are to be understood in the above way, 
I believe. 
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RIPPLES AND WAVES ON WATE?: 
A SPECIAL CASE 

It is interesting and revealing to compare the optical information for a solid wrinkled 
surface as shown in Figure 5.9 and the information for a liquid wavy surface, which the 
reader will have to visualize. Both consist of cferw'fexitTes and concavities, fetit they are 
motionless on the solid surface and moving on the liquid surface. In both cases the 
convexities are lighted on one slope and shadowed on the other. In both cases the 
surface is all of the ^fame color or reflectance. The differenee between the fWo arrays 
is to be found chiefly in the two forms of fluctuation of light and shade. In the terrestrial 
array, light and shade exchange places slowly in one direction^ they do not oseillate. In 
the aquatic array, light and ^»d6 interchange rapidly in both directioiit>; they oscfflite. 
In fact, when the sun is out and the ripples aqt as mirrors, the reflection of the sun can 
be said to flicker or flash on and off. This specific form of fluctuation is characteristic 
of a water sur&ce. 



SUMMARY 

When ambient light at a point of observation is structured it is an ambient optic array. 
The p*int of observation may be stationary or moving, relative to the persisting envi- 
ronment. The point of observation may be unoccupied or occupied by an observer. 

The structure of an anilsient array can b6 described in terms of Visual solid angles 
with a common apex at the point of observation. They are angles of intercept, that is, 
they ase determined by the persisting environment. And they are nested, like the 
components of the environment itself. 

The concept of the visual solid angle comes from natural perspective, which is the 
same as ancient optics. No two such visual angles are identical. The solid angles of an 
array change as the point of observation moves, that is, the perspective structure 
changes. Underlying the perspective structure, however, is an invariant structure that 
dees not change. Similarly, the solid angles of an array change as the sun in the sky 
moves, that is, the shadow structure changes. But there ai« also invariants that underlie 
the changing shadows. 

The moving observer and the moving sun are conditions under which terrestrial 
vision has evolved for millions of years. But the invariant principle of reversible 
occlusion holds far the moving observer, and a sindlar principle of reversible illumi- 
nation holds for the moving sun. Whatever goes out of sight will come into sight, and 
whatever is lighted will be shaded. 



SIX 



EVENTS AND THE 
INFORMATION 
FOR PERCEIVING EVENTS 



So far, little has been said about change in the environment. The point of observation 
could change and the source of illumination could change, but the streams did not flow, 
the pebbles did not roll, the leaves did not fall, and the animals did not scurry about. 
The environment lias been described as sh^ed and textured and cokired, as well as 
illuminated by a moving sun, but as if frozen. Let us now bring the environment to 
life. We need to consider a world in which events can happen. 

Emlogteal events, as d^Mtnguished from microphysical and astronomical events, 
occur at the level of substances and the surfaces that separate them from the me.dium. 
Substances differ in rigidity and thus in the degree to which their surfaces resist 
deformation. Betwem ftie suiiittes of elouds at one extreme and of solid rock at the 
other are liquids, viscous substances, viscoelastic substances, and granular substances 
whose surfaces are intermediate between these extremes in their resistance to defor- 
mation. The reshapiing' »f a siir&«e rei%aii>es force, the amount of ferce depen^g on 
the substance. 

It will also be remembered that substances differ in chemical inertness, or the 
degree to which they resist f6a«>#i^s with agents like oxygen in tiie medium. The more 
inert a substance is, the more its surfece and its composition will tend to persist. 
Substances also differ in their readiness to evaporate or sublimate, and this too affects 
the persiSteiice of their surfaces. 

The distinction between objects that are attached to the ground and those that are 
not should also be remembered in connection with ecological events. The detached 
object can be moved without biie&)#nf the ^sntimifly of its sur&ce with another suria«e, 
but the attached object cannot Note that an object can be resting on a surface of 
support, in contact with it, without being attached to it. These distinctions will be used 
in discussing motlBni as eaoiogiQal ^enis. 

The laws of motion for bodies in space as formulated by Isaac Newton apply only 
to idealized detached objects. The falling apple that, according to legend, hit Newton 
on the head arri led Iritn tot Mnceive #ie l^ if iiiniv^sa^.^«C%xws only an incident 
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in a sequence of ecological events: as the seasons changed, the apple had to grow and 
ripen before it could fall, collide, and finally decay. 

The sui&ce of a substance is where a mechanical action like collision is located, 
where chemical reactions take flkx-'e, where vaporization occurs, or solution, or diffusion 
into the medium. All these are ecological events. 

Just what are we to mean by an ecological event? Is it possible to define and 
classify' events? It ought to be attempted. For only if we know what we mean by an 
event can we describe the change in the ambient optic array that specifies it, and only 
then can we begin to study the perceiving of it. A good many psychologists have tried 
to experiment with the perception of what they vaguely call motion. A few, including 
the writer, have begun to do experiments on the perception of what they call evsnts, 
but none has yet made a systematic ecological approach to the probletn. Viost of the 
existing experiments have been based on the assumption that the perception of motion 
depends on the motion of a spot of light across the retina, a sensation of motion, and 
the experimenters are preoccupied with the deep contradictions to which this assump- 
tion gives rise (Gibson, 19686), 



A CLASSIFICATION OF 
TERRESTRIAL EVENTS 

The events we are concerned with are "external," so a displacement of the point of 
observation will be excluded, because it refers to the locomotion of a potential observer, 
not to the motion of a surface. The change of occlusion that usually goes with a 
displacement of the point of observ ation is a very peculiar optical event, because it has 
both objective reference and subjective reference at the same time. That is, the 
revealing and concealing of a surface depend on both the location of the surface and 
the location of the point of observation. 

The events we are concerned with are mainly terrestrial, so the motion of the sun 
across the sky will be put aside, together with the peculiar motions of shadows that 
depend on it. We are now interested in events that occur i|uite independently of where 
the observer is and where the sun is. 

What kinds of events can be said to occur, after these exclusions? Tentatively, it 
would seem that they can be divided into three main varieties: change in the layout of 
surfaces, change in the color and texture of surfaces, and change in tfie existence of 
surfaces. Change of layout is caused by forces; change of color and texture is caused by 
change in the composition of the substance; and change in the existence of a surface is 
caused by a change in the state of the substance. Consider them one by one. 
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CHAKCE OF LAYOUT DUE TO COMPLEX FORCES 

A change of layout due to complex forces refers to any alteration of the shape of the 
surfaces of the environment, including the repositioning of detached objects by dis- 
placement. Among all the entities that make up the furniture of the earth, some are 
mobile and some are not. What we are most inclined t6 call moHons are translations 
and rotations of detached objects — the falling weight, the spinning top, the rolling ball, 
and the hurled missile. We learn about these from studfring mechanics. But there are 
many other changes in the layout of surfaces that are even more significant: the flexible 
detiirmations of the surface of another animal, the rippling and pouring of water, the 
elastic and plastic changes of rubber and clay, and the breaking or rupturing of a 
surface. We are somewhat less inclined to call these changes motions, but they are 
nonetheless mechanical events caused by forces. They do not have the elegant simplicity 
of the motions of celestial bodies under the influence of the force of gravity, but they 
are lawfijl and they have a kind of higher-order simplicity at their proper level of 
analysis. 

Changes of Lavout 

Rigid Translations and Rotations of an Object 
Displacements (falling body, flying arrow) 
Turns (opening door) 
Combinations (rolling ball) 

Collisions of an Object 
With rebound and without 

Nonrigid Deformations of an Ob ject 
Inanimate (drops of fluid, lumps of clay) 
Animate (change of posture of animal) 

Surface Deformations 

Waves 

Flow 

Elastic or plastic changes 

Surface Disruptions 
Rupturing, cracking 
Disintegration 
Explosion 

The above tabulation, although incomplete, is suggestive, It has to do with what 
might be ealkd ecological mechanics, which is rdlh^r i*fforent from either celestial 
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inechaiTie6 6n the one hand or particle mechanics on the other, including thermody- 
namics. Carpenters and builders are familiar with this branch of physics, although it is 
not taught in school. The displacements and turns of detached objects can be classed 
as changes of layout because they are rearrangements of tile ifijrniture of the earth, 'ilot 
pure translations and rotations along and around the three axes of Cartesian coordinate 
space. The earth is the background of these motions. The terrestrial substratum is an 
absolute ft-ame of reference liwr them, since it is itself never displaced or turned. The 
world does not move, not at this level of anal>-sis. On this account the contemporaries 
of Copernicus were quite Justifiably shocked when he tried to convince them that the 
world did move. 

At this level of analysis, the deformations and disruptions of a surface are not 
reduced to the motions of elementary particles of matter, either, Stretching-relaxing, 
for exanfple, is an event in its own right, iftrt a set ^ events; it is not redueed to a set 
of interrelated displacements of the elements of a surface. 

The subvarieties of events in the above table may, of course, occur in combination; 
animal locomotion, for exanrpfie, consists sf displacements and turns relative to the 
ground, but it is accomplished by deformations of the animal-object, such as the flexing 
and extending of its parts. A collision may occur between two elastic objects or between 
an elastic object and the ground, so that one displacefneitt is irtimed'iately followed by 
another and a train of events arises. Or, in the case of a machine with moving parts, 
a configuration of concurrent events is established. Man has invented a great number 
of raeehariical moving parts, each with its tharacteristio motion — the wheel, roller, 
crank, and gear, the lever, rocker, pendulum, and hinge; the piston, slide, pinion, 
escapement, and screw. Thus, when a complex machine is running there is a sort of 
hierarchy of concurrent events. But note that a macfhine is assembled from such parts, 
each of which is a detached object in present terminology. A living organism, in 
contrast, is not assembled from parts, and its members, although they move, constitute 
a difeewt sort of hierarchy. 

Note that displacements and turns and deformations, even wave motions and the 
flow of a stream, may occur wnthout breaking the continuity of any surface. Rupture 



The Substratum 

The earth considered as a substratum is not only that with respect to which anything moves, it is 
also that wKh respect to which an>thi«g is r^t side up, dr tilt«d, or ittvertted. Ttot is to say; it 
extends from horizon to horizon; it is horizontal. Gravity is absolute, not relative, at the ecological 
level. 

The puzzling psychological problems of the uprightness of a picture relative to its frame, of 
a pattern relative to a page, and of an image relative to a retina are not primary problems but 
^ttvMve. 
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occurs when the continuity fails, and this is a highly significant ecological event. For 
the cracked ground, as in an earthquake, cannot be walked upon, and a toni roof does 
not afibrd shelter. The broken pot no longer holds water, and the broken skin of the 
animal constitutes an injuiy. The maximum of disruption can be thought of as disin- 
tegration. The surface "falls to pieces," as we say, which means a complete failure of 
continuity. In that case, the event passes from a change in layout to a change in 
existence; the surtaee ceases to eSist becaitse the substance has changed its "state." 

Finally, let us note another very interesting fact about these events: some are 
reversible in time and some are not. Displacements and turns, together with locomo- 
tions, can go backward as well as forward. Locomotion, as I emphasized earlier, entails 
both going and coming, and this is why hidden surfaces become unhidden aiid unhidden 
surfaces become hidden. Similarly, lighted surfaces become shadowed and shadowed 
surfaees become lighted. Any rigid motion of a body in physical mechanics has an 
equivalent motion in the opposite direction. This reversibility holds for certain nonrigid 
deformations, although not all, but it does not hold for the disruption of a surfece. More 
exactly, the change fiom integral *o ferokeh is not the reverse of the change fiora broken 
to integral; the process of going to pieces is not the opposite of the process of repairing. 
At the extreme case, when a surface disintegrates, it is not reciprocal to the aggregating 
and connecting of parts s© as td yield a whole surface. The difference between the two 
processes can be observed by making a motion picture sequence of a surface being 
broken, or a fabric being torn, and then comparing the film run forward with the film 
run backward (GibSon and Kauiihall, 1973). 

CHANGE OF COLOR AND t-EXTURE DUE TO 
CHANGE I?i COMPOSITIO?* 

Theoretica'lly, a Slirfeee can change coler without changing shape and change shape 
without changing color. These are often supposed to be independent "qualities ' of an 
object, and much has been made of the supposed difference between the "secondary" 
quahties oif an object and its "primary" qualities. Actually, color and shape are oversim- 
plified qualities, for texture merges with color and yet is a kind of shape at the level 
of small-scale layout. We shall here speak of color and texture in cambination, since 
they are specific to the comptKsition of the substance. When the substance is altered by 
a chemical reaction, the surface is altered. It changes in achromatic color and in 
chromatic color, and it also usually changes texture, inasmuch as the fine structure goes 
from, say, crySt^ine to amorphous. Animals need to perceive the aflbrdances cf 
substances, their chemical values or utilities, in advance of making contact with their 
surfaces, as I have pointed out before (Gibson, 1966/j, Ch. 8) and will return to again 
in this bcM^; AlAofige in afibrdance is thus signified by the natural chemical changes 
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of greening, ripening, flowering, and fading. They are important ecological events, as 
are the physiological reactions of animals that bring about alterations of plumage or fur 
or skiti. 

Changes of Color and Texture 

Plant Surfaces 

Greening (increase in chlorophyll) 
Fading (decrease in chlorophyll) 
Ripening (increase in sugar) 
Ftewering (presence of nectar) 

Animal Surfaces 

Coloration of skin (sexual receptivity, as in the baboon) 
Change of plumage (maturity) 
Change of fur (onset of winter) 

Terrestrial Surfaces 
Weathering of rock (oxidation) 
Blackening of wood (fire) 
Reddening ofiion (rusting) 

The tabulation above presents a few examples of significant surface changes that 
do not involve gm>ss changes of layout or shape. Commonly, of course, these changes 
are correlated, leaves wither and fall as well as turn color when winter approaches. 
The several varieties of environmental events combine to yield a multiple guarantee of 
information. A fire with flames, considered as an ecological event instead oian ^bskact 
chemical event, consists of complex motions and deformations, fluctuating luminous 
surfaces, reddening and blackening of the opaque sur£aces, billowing smoke, and finally 
a disappearance of the solid surfaces. A fire is even specified to the skin, the ears, and 
the nose as well as to the eyes. 

Chemical events at the ecological level involve colored and textured surfaces, 
whereas chemical events at the molecular and atomic level do not. Molecules and 
atoms are not colored, and this is an old puzzle for color perception. There is no 
information in an optic array about radiating atoms, but there is good information about 
the composition of the substance relative to oth®* sobstanoes. 

Chemical reactions considered as molecular conversions in test tubes are vety 
often reversible, and this fact can be expressed in chemical equations with double 
arrOMts pointing in beth directions. But let us ncHe thai chemical ehatiges at the 
ecological level are not reversible in time. Ripening, rusting, and burning do not go 
backward. There are balanced cycles of ecological change, to be sure, as, for example, 
the carbon dioxide cycle, but they are progressive in %nt, I tlflnk, iiOt reversible. 
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WAXIMG AND WANING OF A S0BFAGE DUE TO 
CHANGE IN THE STATE OF MATTER 



A surface is the interface bet\\'een a substance and the medium. Substances, however 
complex, can be classed as solid, viscous, viscoelastic, liquid, and particulate. A gas is 
not a substance although it is, of course, matter. When a substance goes into the 
gaseous state it becomes merely a compnent of the medium, and its surface ceases to 
exist. It has not been dematerialized, but it has been desubstantialized. It no longer 
reflects light, and it is therefore not specified in any ambient array at any point of 
observation. It has not mferely gone oiit of Sight; it has gone &iM (ff existence (Chapter 
5). Some of the ways in which surfaces are nullified or destroyed or demolished are 
listed in the left-hand column of the table below. 

Sw&ees also, of course, come into existence from the gaseous state, or change 
from liquid to solid, and example of these events are given in the right-hand column. 



Chances of Surface Existence 



Liquid to gas (evaporating, boiling) 
Solid to gas (sublimation) 
Cloud to gas (dissipation) 
Sdftd m liquid (melting) 
Sohd into solution (dissolving) 

Disintegration 
Biological decay 
Destruction 



Gas to liquid (condensation, rain) 
Gas to solid? 
Gas to cloud (formation) 
Liquid to solid (freezing) 
Solution into solid (crystallization, 

precipitation) 
Aggregation 
Biological growth 
Construction 



when ice or snow melts, a surface is so radically altered that it can be considered 
to be destroyed, and when a puddle of water evaporates, the surface is certainly 
destroyed. When the reflecting surface of a cloud dissipates, it is annihilated although 
it was semitransparent and barely substantial to begin with, being nothing but a mass 



Surface Theory and Atomic Theory 



The &ct that sur&ces go out of and come into existence is little recognized in physics, as noted 
in Chapter 1. The atomic theoiy is emphasized instead. Beginning with Parmenides and De- 
mocritus, the theory asserts that nothing is ever created or destroyed; only the atoms, themselves 
unchanging, are rearranged. Aristotle disagreed. He insisted that there was an actual genesis of 
things in the world and a passing away of them. At the ecological level Aristotle was quite right. 
And it is at this level, the level of surfaces, that we perceive the world. At the level of atoms we 
do not (Randall, 1960). 
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of droplets. When a surfiee disintegrates or an organism dies, the substances are 
scattered and the surface ceases. Ecological surface destruction is fairly obvious, but 
ecological surface creation is not, except for the slow growth of animals and plants. 

In ti»e abeve t^bte I have tried to show the best possible en'se' the oppdSiti«n 
of these processes, but it seems clear that they are not reversible in time. Evaporation 
and condensation are opposite at a certain level, but a water surface is not created as 
the reverse of the process by whiieh it is destroyed. In none of these event pairs, I 
think, is the one simply agoing backward of the other, such that if a film of one event 
were reversed, it would represent the other, as I noted above (Gibson and Kaushall, 
1973). 

SUMMARY: WHAT SHALL WE TAKE AS AN EVENT? 

The foregoing classification is a kind of preliminary survey only. Ecological events are 
various and «ii(ficult to formalize. But when we attempt to reduce them to elementary 
physical events, they become impossibly complex, and physical complexity then blinds 
us to ecological simplicity. For there are regularities to be found at the higher level, 
regularities that cannot now be encompassed by the simple equations of mechanics and 
physics. The movements of animals, for example, are lawfiil in ways that cannot yet be 
derived fi om the laws of orthodox mechanics, and perhaps never can be. A too strict 
adheran«e to mechanics has hampered the study of ten>estrial events. 

Events as Primary Realities In the first place, the flow of ecological events is distinct 
from the abstract passage of time assumed in physics. The stream ef events is hetero- 
geneous and difierentiated into parts, whereas the passage of time is supposed to be 
homogeneous and linear. Isaac Newton asserted that "absolute, true, and mathematical 
time, of itself and fi-om its own natute, flows equaWy without relafitm to anyttWng 
external." But this is a convenient myth. It assumes that events occur "in" time and 
that time is empty unless "filled." This habitual way of thinking puts the cart before 
the horse. We should begin thinking of events as the primary realities and of time as 
an abstraction from them — a concept derived mainly from regular repeating events, 
such as the ticking of clocks. Events are perceived, but time is not (Gibson, 1975). 

It is the same with space as with time. Objects do not fill space, for there was no 
such thing as empty space to begin with. The persisting surfaces of the environment 
are what provide the framework of reality. The world was never a void. As for the 
medium, the region in which motion and locomotion can occur, where light can 
reverberate and surfaces can be illuminated, this might be called room but it is not 
space. Surfaces and their layout are perceived, but space is not, as I have long been 
arguing (Gibson, 1950). 



It might be said, without going as i^r as I have done above, that time consists of 
the events filling it and that space consisfi of the objects filling it, But I will argue that 
this formula still perpetuates the fallacy. The metaphor of filling is wrong. Time and 
spaee are not empty receptacles to be filled; instead, they are simply the ghosts of 
events and surfaces. 

Time is not another dimension of space, a fourth dimension, as modem physics 
assumes for reasons of mathematical convenianee. The reality und^l^ing the dimension 
of time is the sequential order of events, and the reality underlying the dimensions of 
space is the adjacent order of objects or surface parts. Sequential order is not compa- 
rable to a<fNt:ertt ofBer, ft is net even analogous to adjacent order. For the order of 
events cannot be permuted, whereas the order of parts can. You can reshuffle the parts 
but not the events, as you can rearrange the fiimiture in a room but not the happenings 
that occur in it. 

Recurrence and Nonrecurrence There is always some degree of recurrence and some 
dfegree of nonrecnrrenefe fn ttie flow of ecofogSsal events. That is, there are cases of 
pure repetition, such as the stepping motions of the escapement of a clock and the 
rotations of its hands, and cases of nonrepetition or novelty, such as cloud formations 
and the sk^ng sandbars of a river. Each new sunrise is Mm the previous one and yet 
unlike it, and so is each new day. An organism, similarly, is never quite the same as 
it was before, although it has rhythms. This rule for events is consistent with the 
general formula of nonchange underlying change. 

Reversible and Nonreversible Events Some ecological events are reversible se- 
quences, whereas others are nonreversible. Change of position can go backward, but 
change of state cannot. More exactly, the sequential order of the short events that 
make up a long event, beginning to end, cannot be turned around, end to beginning, 
without violating certain laws of ecological physics. Breaking is not reciprocal to mend- 
ing, and when it is made to seem so the event is magical. This fact is in contrast to 
events governed by the formal laws of physics where, except for thermodynamics, 
events could as well go backward as forward. The variable of time in these equations 
"has no arrow." This suggests then that the so-called irreversibility of time is actually 
the irreversibility of some, but not all, ecological events. It is simply not true that the 
only way of specifying the direction of time is by increase of entropy. 

The Nesting of Events The flow of ecological events consists of natural units that are 
nested within ®ne another — epfeoies within episodes, subordinate ones and superor- 
dinate ones. What we take to be a unitary episode is therefore a matter of choice and 
depends on the beginning and the end that are appropriate, not on the units of 
measurMnent. Ttit!' nmbet of esfiSttd^ in s se^enoe cannot be counted unless the 
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unit episode has been decided upcm. E^risodes, like surfaces^ a»e structured at various 
levels. Years and days are natural units of sequential structure; hours, minutes, and 
seconds are arbitrary and artificial units, Some of the best examples of a nested 
iBerarchy of sectueatial events are found in the beha*»ior of animals, and TnoSt obvitkisly 
in the human production of events such as speech, music, and the theater. If we can 
understand these nested sequences, it may be possible to understand how it could be 
that in some cases the outcome of an event sequence is te^lieit at the oit^et — how the 
end is present at the beginning — so that it is possible to foresee the end when an 
observer sees the beginning. 

The Affordances of Events Finally, it should be emphasized that some natural events 
demand or invite appropriate behaviors. Some have what I called affordances for 
animals, just as do places, objects, and other animals, and dttl%rs involve a change in 
the affordance of the place, object, or other animal. A fire aSbrds warmth on a cold 
night; it also aSbrds being burnt. An approaching object aSbrds either contact without 
collision or contact with col'Iision; a tossed apple is one thing, but a missile is another. 
For one of our early ancestors, an approaching rabbit aSbrded eating whereas an 
approaching tiger afibrded being eaten. These events are not stimuli, and it is prepos- 
terous fttr gsycholog&ts to call them that. The question i's: what infiirmation i^ available 
in the light by means ef whieh these events can be perceived? 



THE OPTICAL INFORMATION FOR 
PERCEIVING EVENTS 

We can now ask what happens in the ambient optic array when there is an event in the 
environment. What spe>eifies the event? In general terilts, the answef must be thai 
there is a disturbance in the invariant structure of the array. Presumably there are 
different kinds of disturbances tor different kinds of events. 

Once again, let us remind ourselves that events in the world shduld nbt ^ 
confiised with the information in light corresponding to them. Just as there are no 
material objects in an array but only the invariants to specify' objects, so there are no 
material events in an array but only the information to specify' evewts. No objfect in the 
world is literally replicated in ambient light by a copy or simulacrum. And as for what 
happens in the world, it could not possibly be replicated or copied in the light. We 
ought to realize this, but nevertheless there has been a strong temptatjOA atsome 
that the motions of bodies in the world are copied by motions of elements in the light, 
or at least that motions in two dimensions are copied, although not motions in depth. 
But I f iiail try to ^tm -(hat this assur^tMHoB Is >^te tw^ken Since the laf 



"motion," physical and optical, have nothing in common and probably should not even 
have the same term applied to them. The beginning and the end of the disturbance in 
the light correspond to the beginning and th^ end of tire eveilt in the world, but that 
is about as as the correspondence goes. 

MECHAKICAL EVE.NTS 

With respect to mechanical events, consider first the case of a rigid translation where 
the distance of the object from the peint el observation remains constant. As the object 
is displaced relative to the envinonment, you might think that the corresponding visual 
solid angle would simply be displaced relative to the sphere of ambient light. The 
visual form would not change; the "figure" would simply move over the "ground." But 
this is wrong, however plausible it sounds. The visual solid angle for the object is only 
one of an array of solid angles. The array is filled; it is mathematically dense. A given 
paitch canDdt move in th<e way that a body can move in space, fiir it has no space to 
move in. What happens is nothing simpler than a disturbance of structure. At one 
border of the visual solid angle, progressive deletion occurs, while at the opposite 
boiler progressive acK^'^lBii «c^rs. The totmer corresponds to leading edge of the 
object and the latter to the trailing edge. Or, if the background of the translating object 
is not textured, as happens with an object moving in a large, empty gap such as the 
sky, then (he interspaces between the ed^s «f the object and the nearest edges 
constitute patches that are decremented and incremented. This decrementing and 
incrementing is similar to the deletion and accretion of textural units. What I am saying 
i& that even a motion in the sky is a change in the sky-ferm, 'that even a displacement 
within the frame of a window is a change of structure and not simply a motion. 

The above case of rigid translation is special; the object neither approaches nor 
recedes from the point of observation, and no dliange occurs within the contour 
corresponding to the object. Normally there is magnification or minification of the 
contour. Magnification is accompanied by progressive deletion of the optical structure 
outside rtie contour and minifit^tMn by Its «)ppositev p-ogressive accretion. This says 
that an object hides more and more of the environment as it comes closer to the point 
of observation, and less and less as it goes farther away. Magnification of a form in the 
array means the approach of something-, and minifieation means the recession of some- 
thing. When a visual solid angle of the ambient array approaches a hemisphere, the 
ultimate limit that a solid angle can reach, an angle 180° in width, an event of great 
significance is specified, that is, an dbject in gontact with the point of observation. This 
is a general law of natural perspective. I'he actual pickup of this information by an 
animal having eyes is a psychological problem of great interest. The behavior of animals 
wheniin impen^hSg^eont^rwt ii«iflliSi©n * specified by this "looming" of the form has 
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been studied by W. Schiff (1965). What happens when the obseiver ^proaches an 
object or an aperture is different and will be described in Chapter 12. 

These optical disturbances are clearly not copies of the corresponding motions of 
objects, as everyone wouM agree. But what about the case of the pure rotation of an 
object on its axis, a Newtonian spin? There need be little or no progressive incrementing 
and decrementing of the background in this case. If the object is a sphere, disk, or 
wheel that rotates &n an axis that w on the line of sight tO the point of abservation, you 
might say that the rotation of the circular form in the array is a copy of the rotation of 
the circular object in the world, point for point, But this would be a misconception, 
even for this special case. What happens optically is a sSrt ofshmring or sttppage of 
the texture at the contour as the object rotates in front of its background, although 
nothing is taken from or added to the array. This is a disturbance in the continuity of 
the array. Mother Avay«f putting i>t is to ss^ ftiat the aligiflfhents sflfextural urrits, the 
radii of the circle, for instance, are shiRed at the contour. Apart fiom this special case, 
all other rotations of objects, and all noncircular objects, will cause progressive loss and 
gain of opttoal texture by foreshortening te the limit at one boioder and inverse ^re- 
shortening from the limit at the other border; that is to say, faces of the object will go 
out of and come into sight. In short, objects in general cannot rotate without causing 
a change of occlusion. 

What happens in the array when a surface in the world is deformed? It is plausible 
in that case to suppose that the deformation of the optical texture is a copy of the 
deformation of the subs^ntial tenure, since the optical units ar<e projections of the 
substantial units, by natural perspective, and are in one-to-one correspondence with 
them. It would seem that the uneven flow of the surface of water in a river — the 
bubbles and flecks of the surface — has a corresponding flow b{ the opHcal texture in 
the array But this does not hold for the ripples or waves over the surface, because the 
ripples do not move in the same way the textured surface does. The fluctuation of light 
and shade does not correspcnwl ta the sutface. And, of course, if the crests of fhe Mia^es 
are high they will begin to hide the troughs, and the occluding edges will spoil the 
projective correspondence. 

What happens in the array when a sur&ce is ruptured or broken? Yhe mathematical 
continuity of the surface texture fails, and so does the mathematical continuity of the 
optical texture. As the crack in the surface becomes a gap, occluding edges appear 
where there were none previously. As the gsp widens, a -new sur&ce is revealed. A 
different optical texture fills the gap and is added to the array. This emergence of new 
structure in the gap is perhaps the crucial information. A precise decription is needed, 
but#iis may prove (o he difficult. Mathematicians do not<!Se6^ to have tkeen successliil 
with the problem of discontinuity. 

With respect to mechanical events of all sorts, then, it is a serious mistake to 
assume that "an opMC^ motion is a p^oje^ipn ia ttvo dmiRsions qfl physi^l UMltoit 



in three dimensions" (Gibson, 1957, p. 289), as I jmyself once wrote in a paper on what 
I called "optical motions and transformations." The notion of point-to-point correspon- 
dence in projective geometry, simple and powerful as it is, does not apply to the optics 
of events any mare tlan it applies to the optics of opaque sur%ces. For it leaves 
occlusion out of account. The fallacy lies deep in our conception of empty space, 
especially the so-called third dimension of space. Whatever the perception of space 
TTiay be, if there is any such thing, it is not simply the perception of the dimension of 
depth. 



CHEMICAL EVENTS 

What happens in the optic array when the composition of a surface in the multicolored 
layout of surfaces is altered? The green plant flowers, and the green fi uit ripens, the 
rock weathers, and the woo# yackens. The change in composition is almost always 
specified by a change in reflectance, both unselective and selective, both achromatic 
and chromatic. A substance is necessarily a colorant in the general sense of the term, 
if not a pffgm#nt. 

The reflectances of surfaces tend to persist insofer as the substances are chemically 
inert, as I pointed out, and this persistence is a source of invariant structure in the 
amilSiiefit ofSti^ia^ array. But fh%y ds not persist when the substances are not inert, and 
the surfaces of organisms especially are chemically active. Plants and animals change 
their color and texture with the seasons of the year. 

But, unhappily, we do not know what happens in the optic array when one of the 
surfaces of the environment changes color. There is a "disturbance," no doubt, of the 
underlying invariant structure, but that is vague. The difficulty is that we do not know 
what ifivari^iiit in art array speeifi&s a persfesKfrf surface color in the world, let alone a 
changing surface color. We do not know what specifies composition. We do not know 
how black and white are specified separately finom shaded and lighted. I suggested that 
the moving source of illumination was basic to the problem, but I have not developed 
the theory. 

It is easier to say what happens in the optic array when one of the surfaces of the 
environment changes texture. The ^gftieift texture of a flat, conglomerate sur&ce is 
projected in the array, and the quality, density, and regularity of the pigment texture 
are specified in the optical texture despite all kinds of perspective transformations. 
These "forms" of texture are also invariant under changing direction of illumination 
and changing amount of illumination. Perhaps the composition of the substance is given 
in this way and, since that is what counts for animals, the pure abstract reflectance of 
the stiir%^% «f \0Sstt taj^K^tsrwe l^n we sm apt to suppose. 
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DESTRUCTION AND CREATION OF SURFACES 

F'inally, we ask what information is in an optic array for the coming into and going out 
of existence of surfaces caused by changes in the state of matter. The reader will recall 
that whenever ambient light is structured in one part and unstructured in an adjacent 
part a surface is specified in the former and a void in the latter. Thus, tRe textured 
region below the horizon specifies the solid earth, and the homogeneous region above 
it specifies the empty sky. Similarly, the heterogeneous areas in the sky specif>' surfaces, 
evan iPanly clouds, and the homogeneous areas between clouds specify' the absence of 
a s^ifige. The leafy eMiopy in a forest provides an overhead texture; the holes in the 
canopy are textureless, and it is into these holes that the birds fly. So long as any visual 
solid angle in the array remains unstructured it spetfRts a heAe; ft can be magnified to 
the hemispherical limit, and the bird will not collide with any sur&ce but will fly 
through the hole. 

In the upper hemisphere of the ambient array, cloud surfaces dissipate, and we 
say they vanish. The optical texture is supplanted by the absence of texture. Cloud 
surfaces also form in the sky, and we say that they have materialized. The absence of 
texture is supplanted by texture. Iii the lower hemisphere of the array, the optical 
transitions are more complex, for there is always a background texture. With evapo- 
ration of a liquid surface, or the sublimation of a solid surface, or the dissolving of it, 
the optical texture is supplanted by that of svhatever lay behind it. As one structure is 
nullified, another takes its place. Sometimes the substance of the object becomes 
transparent during the transition, which means that one surface is specified behind 
another. This information is displayed in what the motion picture technician calls a 
dissolve, whereby one layout goes out of sight as another comes into sight in precisely 
the same place. There is a "fade-out" anda "fade-in," both of which occur at the same 
time. 



The Theoby qf Spirits 
These our actors 

Are melted into air, into thin air: 

And, like the baseless fibric of t his vision, 

The cloud-capped towers, the gorgeous palaces. 

The solemn temples, the great globe itself 

Yea, all which it inherit, shall dissolve 

And, like this insubstantial pageant faded, 

L«;ave not a Fatdk b^ftd. 

Shakespeare, The Tefnpest 
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The optical transitions that spe<Eil>' dissipation, evaporation, sublimation, di.ssolu- 
tion, disintegration, and decay seem to he complex variants of the substitution of one 
textur*' for another. Ho systematic study of them has ever been made. But children 
notice them, are fescinated, and look closely at the regions of the optic array where 
such substitutions occur Presumably they learn to distinguish among these substitu- 
tions and to pf rceive what they mean. 

The difference between the loss of optical tewture frsm an array by progressive 
substitution and the loss of optical texture fiom an array b>' progressive deletion on one 
side of a contour has been illustrated in preliminary fashion by a motion picture film 
(Gibson, 1968a). The loss by substitution should specify a surfece that goes out ef 
existence. The loss by deletion should specify' a surface that goes out of sight at an 
occluding edge, as described in the last section. These radically different happenings 
are, in fact, seen, or so people say when they watch the film. 

THE KINDS OF DISTURBANCE OF 
OPTICAL STRUCTUCE 

I said that the most geneM term 'fer what happens in the optic array when something 
happens in the world is a disturbance of its structure. There is no existing terminology 
far describing optical changes (or physical changes, for that matter), so one has to grope 
for the best terms. I have spwken «f optical transformations and of permutations. I 
talked about fluctuations in connection with changing light and shade. I have referred 
to optical transitions. I argued that one should not speak of motions in the array. The 
best general term swems to Ix? disturbances. Consider the kinds that have he&t 
deseribtidi 

1. Progressive deletion and accretion of units on one side of a contour (displacement 
of an object against a backgroundl 

2. Progressive decrementing and tWca-ementing of gaps (displacement of an object 
against the sky) 

3- Shearing or slippage of optical texture at a contour (rotation of a disk] 

4- Perspective transformation by foreAorf enirtg and its opposite (turning of the face 
of an object) 

5. Magnification to the limit and minification (approach and recession of an object) 

6. DeformatiBn (fluid, wsoous, and elaitic events) 

7. Emergence of new structure (rupturing) 

8. Nullification of texture (dissipation in the sky) 

9. Substitution of new texture for old (dissipation on earth) 
10. Change of "color structure" (t'hemi^l ev^ts^ 
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What a strange list ef phenomena! They are not easy to describe or to understand. 
Yet these optical happenings or something like them occur all the time in the array of 
light to the eye. Even if no one sees them as such, they carry the information about 
evente in the environment. In the changing array fmm a motion picture screen, an 
array that is saturated with meaning, these must be the "motions" of the motion picture 
that convey the meaning. They are surely lawful, and they deserve to be studied in 
their own rigitt, b-&m a fnesh point @if view, and without the accumulated prejudices 
that the theory of light stimuli has fostered. 

Can these disturbances of structure be treated mathematically? They surely cannot 
aH be iKated wtth the same mathematical method, fm soiifte of ^ not ccrttlbrm 
to the assumptions of the theory of sets. Some of the above changes do not preserve 
a one-to-one mapping of units over time, inasmuch as the array gains or loses units in 
time. Accretion or deletion of texture during occlusion is one such ease. Fore^«^efiing 
or compression of texture preserves one-to-one mapping only until it reaches its limit, 
after which texture is lost. The emergence of new texture with rupturing of a surface, 
the mtlMcation of texture wtth dissipation of a sui<&«e, and the substitution of new 
texture for old are still other cases of the failure of one-to-one mapping, or projective 
correspondence. In all of these cases it is not the fact that each unit of the ambient 
array at one time goes into a eo*fes{)onding unit <!tf ttie array at a latgt time. The case 
of an optic array that undergoes "flashing" or scintillation of its units is another example, 
and so is what I called fluctuation in connection with chanyng light and shade. 

On the other hand, same of these optical disturbance do seem to preserve one- 
to-one correspondence of units over time, namely, the perspective transformations, the 
deformations or topological transformations, and even the shearing or slippage of optical 
texture at a contour. In the case df a partial permutAion of a spot-texture, or a radical 
permutation such as the random displacements called Brownian movement, there is 
still a persistence of units without gain or loss. The invariants under transformation, 
the ratios and proportions and relatisns among units, are richest for the disturbances 
at the beginning of the above list and poorest for the permutations at the end, but 
invariants are discoverable throughout. A disturbance of connectedness or adjacent 
order is more serious than a mer« disturbance of form. A complete scrambling of the 



The OpTicAfc i4/^awiFicATioN of Nested Fomm 

If a sur&ce is composed of units nested within larger units, its optic array is composed of solid 
anglr;s nested withi n larger solid angles. As a point of observation approaches a surface, all angles 
are magnified toward the limit of a whole angle (160°), even those whose units were too small to 
see at a distance. The closer a sur&ce, the more its subordinate units become visible. Does this 
progress have an end? 
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adjacent order of units is still more serious. But a mathematical theory of invariants 
may be possible for all these di.sturbances of structure with persistence. What is lacking 
is a theory of the invariants that are preserved under disturbances with nonpersistence 
of units. 

These disturbances in the optic array are not similar to the events in the environ- 
ment that they specify. The superficial likenesses are misleading. Even if the optical 
disturbances could bi^ reduced im the motltnns of ^ftots, they would not be like the 
motions of bodies or particles in space. Optical spots have no mass and no inertia, they 
cannot collide, and in fact, because they are usually not spots at all but forms nested 
within one another, they cannot even move. This is why I suggested that a so-called 
optical motion had so little in common with a physical motion that it should not even 
be called a motion. 

In what way, if any, does fin optical disturbance correspond to the event in the 
environment that it specifies? It corresponds in sequential order. The beginning and 
the end of the disturbance in the array are concurrent with the beginning ar.J the end 
of the event in the environment, and there is no latency or delay. If events are 
simultaneous, the disturbances are simultaneous. If an event consists of subordinate 
events, then the disturbance will consist of subordinate disturbances, as when a ball 
rolls downstairs ii^ a sequence of bounces. Jf an event is gradual, the disturbance is 
gradual {a balloon being blow up), and if an event is abrupt, the disturbance is abrupt 
(the balloon bursting). If an event is unitary (a ball rolling behind a screen and then out 
again), the disturbance is unitary — deletion and then accretion at the occluding edges. 
Or so, at least, I suggested. 

If a series of repeated events occurs in the environment, a series of repeated 
disturbances occurs in the ambient optic array. When the events are mechanical, these 
optical disturbances are usually accompanied by sounds, as in the colliding of objects 
and the rupturing or cracking of surfaces. The chains of optical and acoustical disturb- 
ances run in parallel. And the sequential order of this information flow cannot be 
tampered with. Unlike the adjacent order of a series of objects, the sequential order 
of a series of events cannot be rearranged. Some of the individual events that compose 
the grand sequence of a iay can go badkw&i^, displacements for example, but the 
sequential order of their occurrence is immutable. This is why "time" is said to have 
an "arrow," I believe, and this is why "time travel" is a myth. 



THE CAUSATION OF EVEWW 

A special kind of mechanical event involving two detached objects and two successive 
displacements is a eoll^On, in which the first displacement causes the second. It is a 
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superordinate event with two subordinate event*. The ''buinpiBg" ef one iilastic object 
by another is perhaps the most obvious example of a causal sequence that we have. 

For an inanimate object, collision may cause breaking, bending, chipping, defor- 
mation, and so on, as well as displacement. For the-atfmate object, it may cause injury 
and all sorts of complex reactions. Philosophers and psychologists since Hume have 
been debating the question of whether or not such causation could be perceived. Hume 
asserted that although the motions of the two ditjects eoiAd be sensed, one after the 
other, it was quite impossible to see the one motion causing the other. Only succession 
can be perceived, not causation, he believed. 

A. Mi«hotte (1963) has attempted to refute Hume, In Chapter 10 we shall consider 
his evidence. Can one truly perceive a dynamic event as such? Is there information to 
specif>' it? Recent experiments at Uppsala suggest there is (Runeson, 1977). 



SUMMARY 

A preliminary classification of ecological events was attempted. 9nly if we have decided 
what to take as an event can we describi* the edange in tlie optit aftay that results from 
it. .\nd only after that can we begin to do experiments on the perception of an event. 
The assumption that a motion in the world brings about a motion in the optic array is 
quite wrong, although it is often taken for granted. 

Three varieties of events were distinguished; changes of surface layout, changes 
of surface color or texture, and changes in the existence of a surface. Examples of the 
Brst variety are translations and rotations of an ofejet^, colHsions, deformations, and 
disruptions. Examples of the second are the often nameless but significant alterations 
of the surfaces of plants and animals. Examples of the third are the transitions of 
evapomtiien, ^ssipation, melting, dissolving, and decay. Although some of these events 
are reversiMig, many are not. 

Ecological events, it was concluded, are nested within longer events, are some- 
times recurrent and sometimtae novel, are meaningfiil, and do not flow evenly in the 
manner of Newton's "'absolute mathematical time. " 

The optical information for distinguishing the various events can only be various 
disturbances of the local structure of the optic array. A very tentative description was 
given of certain types of optical disturbance: deletion-accretion, shearing, transforma- 
tion, magnification-minification, defoirmation, nullification, and substitution. These dis- 
turbances have only begun to be studfed, and the trialhematical analysis of them has 
scarcely been attempted. Nevertheless, strange to say, they are what we are visually 
most sensitive to, all of us, animals, babies, men, women, and movi^oers. 
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SEVEN 



THE OPTICAL INFORMATION 
FOR SELF-PERCEPTION 



It has frequently been assumed in previous chapters that the point of observation for 
an ambient optic array is not occupied. The point has been thought of as a position at 
which observation could be made, a position that could be occupied but need not be. 
Such a position could just as well be occupied by another observer and, since all 
positions can be occupied by any observer, the invariants of the array under locomotion 
can be shared by all observers. It was important to establish this principle that the 
point of observation is public, not private, but now we must consider the other side of 
the coin. When a point of observation is occupied, there is also optical information to 
specify l^e observer iMmself, and this in^Ml^ioa-^mnOt \Sb shared by t^tler observers. 
For the body of the animal who is observing temporarily conceals some portion of the 
environment in a way that is unique to that animal. I call this information proprtospeci/ic 
as distinguished from exterospecific, meaning that it specifies the self as distinguished 
from the environment. 



THE SPECIFYING OF THE SELF 
BY THE FIELD OF VIEW 

The field of view of an animal, as I will use the term, is the solid angle of the ambient 
light that can be registered by its ocular system. The field ofutew, unlike the ambient 
array, is bounded; it is a sort of sample of the whole sphere. The angular scope of the 
field of view depends on the placement of the eyes in the head, some animals having 
lateral eyes and a nenAy painOr.aiTtic field of view and others having frontal eyes and a 
roughly hemispherical field of view (Walls, 1942, Ch. 10). Horses belong to the first 
group and humans to the second. In both ocular systems, the separate fields of view 
of the two eyes overlap in front, -^t the amount ef overlap is very much greater in 
humans than it is in animals with semipanoramic vision. By the field of view, I mean 
the combined fields of view of the two eyes. 



An attempt is made in Figure 7. 1 to show a cross-section of the field of view of the 
left orbit of a human observer. If the reader will put his or her left eye close to the 
page, one gets an approximation of the sample of the ambient light that the illustrator 
could see with his head still and his right eye closed. The illustrator was reclining, with 
his feet up, facing the corner of a room. His nose, lips, and cheek and part of his left 
arm are represented. The drawing is an updating of one made by Ernst Mach in the 
1880s that he entitled "The Visual Ego." What is being illustrated here is the stationary 
field of view of an eye socket with the head fi.xed and the eye mobile, not the shifting 
field of view with a fixed eye and a turning head; the latter is different and wiJl be 
described later. For this drawing, the artist had to turn his eye in «rder to see clearly 
the peripheral details in the field of view. 

A field of view is a large visual solid angle, with an envelope. The important fact 
afeotit a field 4>f view is its boundaries, vague and indefinite btHtniiaries, to be sure, but 
still boundaries. They are in some ways like occluding edges, the occluding edges of 
a window. The edges of the field of siew hide the environment behind them, as those 
of a vAadmv do, and when the fitdd mmes there is dta accretieit of opileal structift^e at 
the leading edge with deletion of structure at the trailing edge, as in the cabin of a 
steam shovel with a wide front window and controls that enable the operator to turn 
the«abin iSi the right<dr rtre lek. Bift tim edges offbie fileld ef Mtew are uMhe 'the edges 
of a window inasmuch as, for the window, ^ foreground hides the background whereas, 
for the field of view, the head of the observer hides the background. Ask yourself what 
it is that you me, kiiing'the smwundi^s as you \«wk out upon tlie worl4— not dAirkness 
surely, not air, not nothing, but the ego! The illustrattoti of course is misleading iti this 
respect. 

Whenever a point c# observation is oectipieii by a IWrwan, abo<A half «f the 
surrounding world is revealed to the eyes and the remainder is concealed by the head. 
What is concealed is occluded not by a surface, a projected surface of the sort described 
wken fke laws of occludiTig and oct^ded surfaces were formulated, but^ by a unique 
entity. It is not a part of the world, but it does conform to the principle of reversible 
occlusion, by which those surfaces that go out of sight with one movement come back 
irito sight v«"ith the oppOsitfe movement. The liead turns, and whatever was h» h^tk of 
the head at one time will be in front of the head at another and vice versa. This fact 
is ftmdamental for the theory of perception to be proposed. The purpose of vision, I 
^hull* argue, is to be aware of the surrQiiiuiin^, ^e .ambient environment, not merely 

Figure 7. 1 

The ego as seen by the left eye. The temporary field of view of the left orbit of an 

observer. 

(Fr«m The Perception oj the Visual World by ]ames Jerome Gibson and used with the agreement 
of the reprint pubiisher. Greenwood Pr«ss, Inc.) 
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of the field in fi ont of the eyes, The ambient information is always available to any 
observer who turns his or her head. Visual perception is panoramic and, over time, the 
panorama is registered. 

There are other remarkaMe features of the field of view besides its oval boundaries. 
Still other occluding edges apj^ar within it, those of the nose, the body, the limbs, 
and the extremities, some of which can be seen in the drawing. The edges of the eye 
socket, the eyebrows, the nose and cheek bones are only the nearest; the edges of the 
arms, legs, hands, and feet are more distant, but they still occlude the sui-faces of the 
"outer" environment. The hands and feet behave more like the occluding edges of an 
object than like the occluding edges of a window; they are actually protrusions into the 
field of view from below. They are therefore attached objects in the present terminol- 
ogy, but they are attached to the observer, not to the ground, and they are elastic. 
When these semiobjects move, there is deletion of optical structure at the leading edge 
and accretion at the trailing edge, just as with objects in the world. 

Information exists in a normal ambient array, therefore, to specify the nearness of 
the parts of the self to the point of observation — first the head, then the body, the 
limbs, and the extremities. The experience of a central self in the head and a peripheral 
self in the body is not therefore a mysterious intuition or a philosophical abstraction 
but has a basis in optical information. 

I have described this information for perceiving the self in terms applicable to a 
human observer, but the description could be applied to an animal without too much 
change- In all bilaterally syiMMnetrieal animals, the eyes are in the head, the head is 



The Distinction Between the Field of View 
AND the Visual Field 

The field of vievi being described hei<e should not be confused with the visual field. As I used, the 
term, the visual field means a kind of introspective experience ccontrasted with the naive expe- 
rience of the visual world (Gibson, 1950b, Ch, 3). It is the momentary patchwork of visual 
sensations. But the field of view is a fact of ecological optics. 

Actually, there are always two fields of view available to any animal with two eyes, That is, 
there ate twcr&ntbierit Optit arrays at two diflerent points tff dbservation, each dPwhich is sampled 
by one eye. Since the points of observation are separated by the interocular distance, the optic 
arrays are different. I term this difference disparity, by analogy with the retinal disparity studied 
so intensively by physiological image optics. 

The difference between the disj^uity of two array samples and the disparity of two retinal 
images is cori^i^erSMe. The diffemttce between a theory of disparity as information and the 
traditional theory of the "fusion" of disparate images is radical. There will be more (J this later, 
especially in Chapters U and 12. 
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attached to a body, and (fi)r terrestrial animals] the body is supported by the ground. 
But the horse and the human look out upon the world in different w*ys. They have 
radically different fields of view; their noses are different, and their legs are different, 
entering and leaving the field of view in different ways. Each species sees a different 
self fi om every other. Each individual sees a different self. Each person gets information 
about his or her body that differs from that obtained by any other person. 



NONVISUAL INFORMATION 
ABOUT THE SELF 

It is obvious, ofcourse, that perceptual systems other than the visual system are active 
and that the body is a source of stimulus information for these other so-called senses 
as well as for vision. Proprioception is either taken to be one of the senses by sensory 
physiologists or taken to be several related senses, as conceived by Sir Charles Sher- 
rington. A deep theoretical muddle is connected with proprioception. I tried to clear 
it up in my book on the perceptual systems (Gibson, 1966i>) by reformulating the whole 
meaning of the term sense. In my view, proprioception can be understood as egore- 
ception, as sensitivity to the self, not as one special channel of sensations or as several 
of them. I maintain that all the perceptual systems are propriosensitive as well as 
exterosensitive, for they all provide information in their various ways about the ob- 
seiver's activities. The observer's movements usually produce sights and sounds and 
impressions on the skin along with stimulation of the muscles, the joints, and the inner 
ear. Accordingly, information that is specific to the self is picked up as such, no matter 
what sensory nerve is delivering impulses to the brain. The point I wish to make is 
that information about the self is multiple and that all kinds are picked up concurrently. 
An individual not only sees himself, he hea!rs his feotste;^ afid his voice, he touches 
the floor and his tools, and when he touches his own skin he feels both his hand and 
his skin at the same time. He feels his head turning, his muscles flexing, and his joints 
bending. He has his own aches, the pressures of his own clothing, <li^"1*dB3c of his own 
eyeglasses — in fact, he lives within his own skin. 

This theory of information for self-perception, it should be noted, contradicts one 
of the rriost deep-seated assumptions of traditional Sensory physiology — the doctrine 
that a neural input can be specific only to the receptor that initiated it, that is, the 
doctrine of the specific qualities of the nerves, or specific "nerve energies" as Johannes 
Miiller called them. .Accbrding to this doctrine, proprioception is aseribed to specialized 
proprioceptors. But I have rejected this theery of specificity -iftd substituted another 
that is quite radically different. 
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EGORECEPTI«N AND EXTEROCEPTI«N 

ARE INSEPARABLE 

The optieal information to spec%< the self, including the head, body, arms, and hands. 
accompanies the optical inii}rmation to specif>' the environment. The two sources of 
information coexist. The one could not exist without the other. When a man sees the 
world, he sees his nose at the same time; or rather, the world and his nose are both 
specified and his awareness can shift. Which of the two he notices depends on his 
attitude; what needs emphasis now is that information is available for both. 

The s»pposedly sepaiNiitje reahns of the Sitibieetfve the Gb|&ctlw are aetiially 
only poles of attention. The dualism of observer and environment is unnecessary. The 
information for the perception of "here " is of the same kind as the information for the 
perception S( "there," and a continuous laj^oilt of surfaces extends from one to 
the other. This fact can be noted in Figure 7.1. What I called gradients in 1950, the 
gradients of increasing density of texture, of increasing binocular disparity, and of 
decreasing motility ttrnt-spee^ tncKasing distance afll the Avay fioiti the etiservers nose 
out to the horizon, are actually variables between two limits, implying just this com- 
plementarity of pn)prioception and exteroception in perception. Self -perception and 
environment perception go together. 



What JJappens When the Head Is J.m.i>m? 

In a chapter entitled "The Problem of the Stable and Boundless Visual World" (Gibson, 1950), I 
put the question of wh>', when one tilts the head, the world does not appear to titt but remains 
visibly upright. Is it now clear that the question was misconceived? It has long been ^ puzzle for 
theories of visual perception based on the input from the retina. No satisisctoiy answer has been 
agreed upon. (Psychology is plagued with eflbrts to find answers to the wrong questions!) 

What happens when your head is tilted is simply that you are aware of it. The change of 
retinal stimulation is exactly concomitant with changes in the stimulation coming from muscles 
and joints and from the inner ear, and t^ese all specify 4ie same &et. The •tilt of the setina behind 
the normal retinal image is observed, wherea.<i the tilt of a hypothetical pattern of input relative 
to the receptor mtsdc is not noticed. Why should it be? Curious anomalies will arise, to be sure, 
if the information got by the visual system is discrepant with that obtained by the muscle-joint 
system, or the vestibular system, for then the observer is uncertain what to mean by the word 
tilt; he is confused, and^ the results of the expetiment are opeh to many interpretations. 

Efforts to answer the question of why the world looks upright, stable, and unbounded despite 
all the \'icissitudes of the retinal input are still going on. Up-to-date knowledge of this research 
can be obtained by reading Stability and Constancy in Vismd Perception (Epstein, 1977). This is 
an admirable book if you accept its premises. 



THE INFORMATION FOR THE PERCEIVING 
OF DISTANCE 



The problem of how distance can be perceived is very old. if it is taken to be the 
distance of an object in space, then it is "a line endwise to the eye," as Bishop Berkeley 
pointed out in 1709, and It projects only one point on the retina. Hence, distance of 
itself is invisible and, if so, a whole set of perplexities arise that have never been 
resolved. Distance may be thought of, however, as extending along the ground instead 
of through the air, and then it is not inv^ible. It is projei^ed as a gradient of the 
decreasing optical size and increasing optical density of the features of the ground, as 
1 argued in 1950. But this gradient of forms getting smaller and finer and more closely 
packed together has a limit at the horizon of the earth where, according to the laws of 
natural perspective, all visual solid angles shrink to zero. The gradient is also anchoi%d 
at another limit, by the forms projected from the nose, body, and limbs. The nose 
projects at the maximum of nearness just as the horizon pKyects at the maximum of 
&mess. 

Distance therefore is not a line endwise to the eye as Bishop Berkeley thought. 
To think so is to confuse abstract geometrical space with the living space of the 
environment. It is to confiise the Z-axis of a Cartesian c«ordinate system with the 
number of paces along the ground to a fixed object. 

The nose is here. It projects the largest possible visual solid angle in the optic 
array. Not only that, it provides the maximum of ciossed double imagery or crossed 
disparity in the dual array, for it is the fetrthest possible edge to the right in the \eh 
eye's field of view and the farthest possible edge to the left in the right eye's field of 
view. This also says that to look at the nose one must converge the two eyes maximally. 
Finally, the so-called motion parallax of the nose is an absolute maximum, which is to 
say that, of all the occluding edges in the world, the edge of the nose sweeps across the 
surfaces behind it at the greatest rate whenever the observer moves or turns his head. 
For each of the three kinds of optical gradient that I proposed as "stimuli" for seeing 
depth in The Perception of the Visual World (Gibson, 1950I&) — size perspective, dis- 
parity perspective, and motion perspective — the nose provide an al^kite base line, 
the absolute zero of distance-from-here. 



THE SPECIFYING OF HEAD TIJRNING 

The head can be turned as well as displaced. Turning the head is looking around; 
displacing it is locomotion. The head can be turned on a vertical axis as in looking from 
side to side, on a horizontal axis as in looking up and down, and even on a sagittal axis 
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as in tilting the head. The sky will always enter the field in looking up, and the ground 
will always enter the field in looking down. Three pairs of semicircular canals in the 
vestibule «l*the inner ear, set in plaee relative to the tkree axes, register these turns 
and specify the degree of head rotation. This (act is well known and has been widely 
studied. What is not so familiar is the fact that these turns of the head are also registered 
by vision. They are specified by what I have caKed the Sltwepf ng ef the field efvtew 
over the ambient array during head turns and the wheeling of the field over the array 
during head tilts. The sweeping and wheeling of this window with its special private 
ocdudiiBg edges are not simply "motions" but deletions and accretions of optical struc- 
ture To say only that the field of view "moves" over the world as the head moves is 
inexact and insufficient; the world is revealed and concealed as the head moves, in 
vmyk that specify exactly how the head moves. Whatever goes out of sight as the head 
turns right comes into sight as the head turns left; whatever goes out of sight as the 
head is lifted comes into sight as the head is lowered. The optical texture that is deleted 

Figure 7.2 

A saquence overlapping ftelds of vjfe'w otrtaftied hy turning the iKsdto^e Ti0A. 

This is the same room and the same man as in Figure 7.1, except that his feet are now lined up 
with the window instead of with the corner of the room. The head turns through an angle of about 
90°. His nos^s^^^s at the right-hand edge c^fhe field. The field (rf'v;>w is isM§ng saufie i^f 
the ambient ilrr%. 
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is subsequently accreted. It is invariant under this reversible optical change. It conibiins 
to the principle of reversible occlusion. 

The temporary field of view of an eye socket is a sample of the ambient optic array, 
and the head is continually snnpling the array. Each sample is a segment that overlaps 
with earlier and later segments. Moreover, it is a changing segment with elements 
being progressively included and excluded at the margins. And in a sufficiently long 
sequence of these segments, the whole structure of the array is specified. 

The combined field of view of two eye sockets {and all higher animals have two 
eyes) consists of two samples of the ambient array. They overlap more or less, more in 
humans than in horses, and thus #ie same structure is included in both segments. But 
it is not quite the same structure, because the two points of observation are slightly 
separated and there is a resulting disparity of the two structures. This disparity, or 
mismatch, is at a maximum for the contour projected from the edge of the animal's 
nose, as I pointed out above. The edge of the nose is the left-hand edge of what the 
right eye sees but the right-hand edge of what the left eye sees, and this maximum 
mismatch constitutes information for the zero of distance, that is, for the awareness of 
oneself at the center of a layout of surfaces receding fi om here. The minimum of 
mismatch is at the horizon. There will be more about disparity later. 



TttE SPECIFYING OF LIMB MOVEMENTS 

Consider in more detail the protrusions into the field of view of those complex shapes 
witb deforaiing ouftlinbs that are the projecHvns of the 'limbs and ext^raitiies of the 
observer's body. They normally enter and leave the field at its lower edge, or else the 
field sweeps down to reveal them. They are almost never at rest. They specify objects 
in some ways, but of cdurse i^ey are &n\f seiMIBibjefitS. I am tempt^ to call them 
subjective objects, and this paradox would emphasize the feet that no line can be drawn 
between the subjective and the objective. In the primate and the human, the five- 
pnetiged shitpits that specify the hands are especially meaningful. Their deforming 
contours and the underlying invariants make possible what psychologists have called, 
veiy inadequately, eye-hand coordination. More exactly, they are the basis of the visual 
control of manipulation. And when an object grasped by the hand is used ds-'a tool, it 
becomes a sort of extension of the hand, almost a part of the body. 

In&nts, both monkey and human, practice looking at their hands for hours, as well 
they shmdd, for flie disturbances of optieiH strtifcture that Sfwcify the niceties of pre- 
hension have to be distinguished. All manipulations, fi om the crudest act of grasping 
by the infant to the finest act of assembly by the watchmaker, must be guided by 
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optical disturbances if they are to be successful. Some kinds of transformations and 
occlusions were listed in the last chapter. 

The optical minification of the squirming silhouette of the hand specifies extension 
of the arm, reaching out, while optical magnification specifies flection of the arm, 
pulling in. .\ hand occludes progressively less of the environment as it recedes and 
progressively more of the environment as it approaches. A certain nonsymmetrical 
magnification of the hand will bring it to the mouth, as every baby learns. A symmetrical 
magnification of the hand will cause it to cover the eyes so that nothing can be seen. 
But then, of course, one can peek through the fingers, which is not only pleasurable 
but a lesson in practical optics. 

The visual solid angle of the hand cannot be reduced below a certain minimum; 
the visual solid angle of a detached object like a ball can be made very small by 
throwing it. These ranges of magnification and minification between limits link up the 
extremes of here and out there, the body and the world, and constitute another bridge 
between the subjective and the objective. 

You might think that contaet of the hand or foot with a surface during extension 
of the limb is specified by a mechanical impression on the skin, by touch, and that 
there would be no use for an optical specification as well. Nevertheiless, there is such 
optical s^cificaHon. When the decreasing occbision ef the surface by the extremity 
ceases, and when there is no accretion or deletion of surface texture by the occluding 
edges of the hand or foot, then the extremity is in contact with the surface and not 
slicMng over it. This specifies, for example, that the foot is 0n the ground. Terrestrial 
animals are accustomed to have their feet on the ground and to have both cutaneous 
and optical information for this state of affairs. This explains why an invisible glass floor 
high aiiove the real floor suppM»s mechanical sup^rt kiA not oj^tiealsupport, and why 
it is that human infants and other terrestrial animals show distress, flinching and 
behaving as if falling, when placed on such a transparent floor (Chapter 9). 

These area few examples of the rules that inatke visual egoreception so useful. The 
surfaces of the hands, of the tools held by the hands, and the working surfaces that 
they alter are all given as a changing layout of the nearby environment, the information 
for which is contained in the changing structure of the optic arrays at the two eyes. 



THE SPECIFYING OF LOCOMOTION 

At a moving point of observation no less than a stationary point of observation, the 
ambient array is sampled by the observer, who can look around the world while moving 
as well as while stationary. The edges of the observer's field of view will sweep over 
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the flowing ambient array in the same way that they sweep over the fitizen ambient 
array. A person can face backward while riding in a vehicle, or walk backward for that 
matter, and observe how the array flows inward, instead of outward as it does when 
one faces forward. 

If we consider for the present an open environment, one that is not cluttered, 
locomotion is specified by flow of the array and rest by nonflow. The flow is a change 
in perspective structure, a change in the perfpecffves of the ground if outdoors and of 
the floor, walls, and ceiling if indoors. There is not only a static perspective of the 
array but also a motion perspective, as I once called it (Gibson, Glum, and Rosenblatt, 
1955). Thte will be- d«fScrib«<i, altrng wMh eKperiiti^nts, in Chapter 9. The main {aw ef 
flowing perspective is that it is centrifugal in half the array and centripetal in the other 
half, but these two hemispheres are not invariant. They shift around and thus are not 
to be eoniiised MHth the permanent hemispheres of earth and sky. More parti^Aarly, 
a focus of centrifugal outflow is always accompanied by another focus of centiipetal 
inflow at the opposite pole of the sphere. This axis is the line of the displacement of 
the observer. Hence, the ibous of expansi«m h the direction in which &ne is going, and 
the focus of contraction is the direction fi om which one is coming. This direction may 
change during locomotion, of course, relative to the permanent environment of earth 
and sky, and the two feci of inflow and outflow may change correspondingly relative to 
other invariants of the ambient array. 

I have distinguished between invariant structure and perspective structure in 
Chapter 5. The invariant structtire of the array that Speeifies the persisting worW 
underlies the changmg perspective structure. The pattern of outflow and inflow is 
superposed, as it were, on the nonchanging features of the array. One of these non- 
changiAg-f(^^r^ is the earth-sky contrast at the hon^n, and another is the texture of 
the earth. The flow pattern shifts as the observer changes direction, now in one 
direction and then another, and reverses when the direction is reversed, but the 
invariants of strutttuse and texture never shilt. They specS^ the unmoving terrain, 
whereas the flow pattern specifies the observer's locomotion with reference to the 
terrain. 

How do we see where we are going? We guide or steer eiir locomotion, when we 
are in control of it, by locating those invariant features of the array that specify a 
destination, whatever it may be, and then keeping the focus of optical outflow centered 
on that item. In short, we magnify the form that specifies the goal. A child runs to his 
mother by enlarging her image to the limit, that is, to the largest possible solid angle; 
a bee flies to a flower by precisely the same rule. The rule is related to the principle 
of *hat I ha^ cM)ed the '^symmetrieSlieit^" of Stiimilation (Gibson, 1966fa, pp. 72 ff.). 
We shall return to this problem in Part III, where we will also consider the control of 
locomotion to a hidden destination, 

The centiifiigal outflow of the array that specifies locomotion does not interf<»'e 
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with the information that specifies surface layout; the invariants are all the better for 
the transformation. The moving self and the unmoving world are reciprocal aspects of 
the same periseption. To say that one perceives at\ outflow of the world ahead and an 
inflow of the world behind as one moves ft)rward in the environment would be quite 
false. One experiences a rigid world and a flowing array. The optical flow of the ambient 
array is almost never perceived as motion; it is simply experienced as hinesthesis, that 
is egolocomotion (Warren, 1976). 

Consider, Anally, an environment with hidden surfaces. An open environment 
projects a continuous flow pattern to the eye of a moving observer, but a eluttered 
environment does not. The existence of occluding edges brings about the revealing and 



Figure 7.3 

The flow of the optic array during locomotion parallel to the ground. 
A bird is flying over the wriifMed earth. The texture of the lower hemisphere of the optic array 
flows in the manner shown here. The vectors in this diagram represent angular velocities of the 
optical elements. The flow velocities are plotted exactly in Figure 13.1. 




OPTICAL INFORMATION FOR SELF-PERCEPTION 



Figure 7.4 

The outflow of the optic array from the focus of expansion on the horizon. 
This is what a human flier would see looking ahead in the direct*sn 0f lilcOniKition. There is a 
gradient of increasing rate of flow downward from the horizon. (From The Perceptitn of the Visual 
World by James Jerome Gibson and used with the agreement of the reprint publisher. Greenwood 
Press, Inc.) 




Figure 7.5 

Tk* itmr of the opfie array to Chie light of the dfredSon of locomotion. 

This is what the flier would see if he looked 90° to the right, that is, if he sampled the ambient 
array to the right. (From The Perception of the Visual World by James Jerome Gibson and used 
witii the agreement of the reprii^ publisher, Greenwood Press, Inc.) 
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Figure 7.6 

The outflow of the optic array in a landing glide. 
This is what the fticF WouU see if he aimed ^ffwm at tlie landing SeM. In tfiese thtte drawings 
(Figures 7.4-7.6) the shapes are supposed to depict the underlying invariant structure of the optic 
array, and the vectors are supposed to depict the changing perspective structure of the array. 
Sow that all flow vanishes at two limits: the horizon and the point of aim. (From The Perception 
of the Visual World by James Jerome Gibson and used with the agreement of the reprint publisher, 
G«eenwooii Fc^s, Inc.) 




concealing of surlac-es and the increnKfitittg aiid decremwiytig of the corresponding 
optical textures. This kind of change is not a flow or a transformation, because the units 
of the array, some of them, do not map from preceding to succeeding arrays. The 
invariants that speeffj' the fayssat of the real environment, tiien, are not simply invariants 
under projective transformations. There will be more of this in Part III. 

How is this optical flow related to classical kinesthesis, which is supposed to be 
the Sfens* of movtrffrent? .\ person who walks or runs or rides a bicycle does get 
sensations from the muscles and joints that specify movement. All I propose is that 
visual kinesthesis should be recognized along with muscle- joint kinesthesis, The latter 
does not function during passive locomotion in a vehicle. Visual kinesthesis yields the 
only reliable information about displacement. The classical sense of movement is not 
trustworthy, for a fish in a stream and a bird in a wind have to extrcise their muscles 
and joints strenuously merely to stay in the same place. The aniaiaj' is. iiifi\#iig in one 
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meaning but not in another. Locomotion with respect to the earth, active or passive, 
is registered by vision (this will be elaborated in Chapter 10), but supplementary 
in^tnation M)6ut the movement of a limb relative ft) the body is picked up by the 
haptic system (Gibson, 1966b, Ch. 4). 



SUMMARY 

Information about the self accompanies information about the environment, and the 
two are inseparable. Egoreception accompanies exteroception, like the other side of a 
coin. Perception has two poles, the subjective and the objective, and information is 
available to specify both. One perceives the environment and coperceives oneself. 

The edges of the field of view occlude the outer environment, and, as the head 
turns, the occlusion changes, revealing what was concealed and concealing what was 
revealed. The same thing happens with locomotion as with head turning. The rule is, 
whatever goes out of sight comes into sight, and whatever comes into sight goes out of 
sight. Thus it is that a stationary and permanent environment is specified along with 
a moving observer, one who looks aiound, moves about, and does things with his hands 
and feet 

Three types of movement have been distinguished — head turning relative to the 
body, limb movement relative to the body, and locomotion relative to tfie environment. 
Each has a unique type of optical information to specify it: the sweeping of the field of 
view over the ambient array in the case of head tumingi the protrusion of special 
^apes into llie Hebi o£ vtew in the case of limb m«vemeiiil (^pectell^' manip^l^ion}; 
and the flow of the ambient array in the case of locomotion. The pickup of this 
information, I propose, should in all cases be called visual kinesthesis . 
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EIGHT 



THE THEORY OF 
AFFORDANCES 



1 have described the enviroament as the surfaces that separate substances from the 
medium in which the animals live. But I have also described what the environment 
affords animals, mentioning the terrain, shelters, water, fire, objects, tools, other 
animals, and human displays. How do we go from surfaces to affordances? And if there 
is information in light for the perception of surfaces, is there information for the 
perception of what they afford? Perhaps the composition and layout of surfaces consti- 
tute what they afford. If so, to perceive them is to perceive what they afford. This is 
a radical hypothesis, for it implies that the "values" and "meanings" of things in the 
environment can be directly perceived. Mol"eov%r, it would explain the sense in whieii 
values and meanings are external to the perceiver. 

The c^fordances of the environment are what it offers the animal, what it provides 
or furnishes, either fop good er ill. The %(erb to afford is fbuoid ivk the dictionary, but 
the noun affordance is not. I have made it up. I mean by it something that refers to 
both the environment and the animal in a way that no existing term does. It implies 
the complementarity of the animal and the environment. The antecedents of the term 
and the history of the concept will be treated later; for the present, let us consider 
examples of an afibrdance. 

If a terrestrial surfeee is nearly henzcntal (instead of slanted), nearly flat (instead 
of convex or concave), and sufficiently extended (relative to the size of the animal) and 
if its substance is rigid (relative to the weight of the animal), then the surface affords 
sdffport. It is a surface of supfsort, and we call if a substMtum, ground, or floor. It is 
stand-on-able, permitting an upright posture for quadrupeds and bipeds. It is therefore 
walk-on-able and run-over-able. It is not sink-into-able like a surface of water or a 
swantp, that fs, not l)r heavy terr<estrfal Animals. Support for water bugs is different. 

Note that the four properties listed — horizontal, flat, extended, and rigid — would 
be physical properties of a surface if they were measured with the scales and standard 
ilflits used in physics. As an ^brdance of support for a species of animal, however, 
they have to be measured relative to the animal. They are unique for that animal. They 
are not just abstract physical properties. They have unity relative to the posture and 



b^iavioF of the animal being considered. So an affordance cannot be measured as we 
measuve in physics. 

Terrestrial surfaces, of course, are also climb-on-able or fail-off -able or get-under- 
neath-able or bump-into-able relative to the animal. Different layouts afford different 
behaviors for different animals, and different mechanical encounters. The human spe- 
cies in some cultures has the habit of sitting as distinguished from kneeling or squatting. 
If a surbce ®t support with the four .properties is also knee-high above the ground, it 
affords sitting on. We call it a seat in genei-al, or a stool, bench, chair, and so on, in 
particular, It may be natural like a ledge or artificial like a couch. It may have various 
shapes, as long as its functional layout is that of a seat. Thfe color and texture of the 
surface are irrelevant. Knee-high for a child is not the same as knee-high for an adult, 
so the affordance is relative to the size of the individual. But if a surface is horizontal, 
flat, extended, rigid, and krtee-high velaMve to a perceive, it can in fact be sat upon. 
If it can be discriminated as having just these properties, it should look sit-on-able. If 
it does, the affordance is perceived visually. If the surface properties are seen relative 
to the bsdy surfaces, the self, they constMute seat and have meaning. 

There could be other examples. The different substances of the environment have 
different affordances for nutrition and fe)r manufacture. The different objects of the 
•Avii*onment b^ve different aA)rdances for manipulation. The other animals aSivd, 
above all, a rich and complex set of interactions, sexual, predatory, nurturing, fighting, 
playing, cooperating, and communicating. What other persons aiR>rd, comprises the 
whole realm of social significance for human betogs. We pay the closest attention to 
the optical and acoustic information that specifies what the other person is, invites, 
threatens, and does. 



THE NICHES OF THE ENVIRONMENT 

Ecologists have the concept of a niche. A species of animal is said to utilize or occupy 
a certain niche in the environment. This is not «|uite the same as the habitat of the 
species, a niche refers more to how an animal lives than to where it lives. I suggest that 
a niche is a set of affordances. 

The natural •nvironment offers many ways of life, and different animals have 
different ways of life. The niche implies a kind of animal, and the animal implies a kind 
of niche. Note the complementarity of the two. But note also that the environment as 
a whole with its unlimited possibilities existed prior to animals. The physical, I^S^ical, 
meteorological, and geological conditions of the surface of the earth and the pre-existence 
of plant life are what make animal life possible. They had to be invariant for animals 
to evoWe. 



There are all kinds of nutrients in the world and all sorts of ways of getting food; 
all sorts of shelters or hiding places, such as holes, crevices, and caves; all sorts of 
materials for making shelters, nests, mounds, huts; all kinds of locomotion that the 
environment makes possible, such as swimming, crawhng, walking, chmbing, flying. 
These offerings have been taken advantage of; the niches have been occupied. But, for 
all we know, there may be many offerings of the environment that have not been taken 
advantage ©f, ^at is, niches not yet occupied. 

In architecture a niche is a place that is suitable for a piece of statuary, a place into 
which the object fits. In ecology a niche is a setting of environmental features that are 
suitable for an animal, into which it fits metaphorically. 

An important fact about the affordances of the environment is that they are in a 
sense objective, real, and physical, unlike values and meanings, which are often sup- 
posed to be subjective, phenomenal, and mental. But) dtrtnally, an a^i>dance is neither 
an objective property nor a subjective property; or it is both if you like. An affordance 
cuts across the dichotomy of subjective-objective and helps us to understand its inad- 
^aacy. It is eliiia% a&<?tof fhe environment and a feet of behavier. K is both physical 
and psychical, yet neither. An afiPbrdance points both ways, to the environment and to 
the observer. 

The niche for a certain species should not be confused with what some animal 
psychologists have called the phenomenal environment of the species. This can be taken 
erroneously to be the "private world" in which the species is supposed to live, the 
"subjective world," or the world of "consciousness." The behavioref observers depends 
on their perception of the environment, surely enough, but this does not mean that 
their behavior depends on a so-called private or subjective or conscious environment. 
The organism depends on its environment for its life, but the environment does not 
depend on the organism for its existence. 



MAN'S ALTERATION OF THE 
NATURAL ENVIRONMENT 

In the last few thousand years, as everybody now realizes, the very fate 'o"ftlie earth 
has been modified by man. The layout of surfeces has been changed, by cutting, 
clearing, leveling, paving, and building. Natural deserts and mountains, swamps and 
rivers, forests and plains still exist, btit they are being encroached Upern and reshaped 
by man-made layouts. Moreover, the substances of the environment have been partly 
converted from the natural materials of the earth into various kinds of artificial materials 
such as bronze, itd^ conm^ete, Mi Iri^d. Even the medium of the environment — the 
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air for us and the water for fish — is becoming slowly altered despite the restorative 
cycles that yielded a steady state for millions of years prior to man. 

Why has man changed the shapes and substances df his environment? To change 
what if affords him. He has made more available what benefits him and less pressing 
what injures him. In making life easier for himself, of course, he has made life harder 
for most df the othef animals. Over the millennfa, he has made it easier for himself to 
get food, easier to keep warm, easier to see at night, easier to get about, and easier to 
train his offspring. 

This is not a new environment — an artificial environment distinct fi om the natural 
environment — but the same oid environment modified by maa It is a mistake to 
separate the natural fi om the artificial as if there were two environments; artifacts have 
to be manufactured f rom natural substances. It is also a mistake to separate the cultural 
environment from the natural environment, as if there were a world of mental products 
distinct fi om the world of material products. There is only one world, however diverse, 
and all animals live in it, although we human animals have altered it to suit ourselves. 
We have done so wastefuUy, thoughtlessly, and, if we do not mend our ways, fatally. 

The fiindamentals of the environment — the substances, the medium, and the 
surfaces — are the same for all animals. No matter how powerful men become they are 
not going to alter the fact of earth, air, and water — the llthospbere, the atmosphere, 
and the hydrosphere, together with the interfaces that separate them. For terrestrial 
animals like us, the earth and the sky are a basic structure on which all lesser structures 
depend. We cannot &hang6 it. We all fit into the subsfFUcfttres of the etnttonttmA in 
our various ways, for we were all, in fact, formed by them. We were created by the 
world we live in. 



SOME AFFORDANGRS OF THE TERRESTRIAL 
ENVIRONMENT 

I..et us consider the aflbrdaneies of the medium, of substances, of surftces and their 
layout, of objects, of animals and persons, and finally a case of special interest for 
ecologj'cal optics, the affording of concealmeant by the occluding edges of the environ- 
ment (Chapter 5). 

THE MEDIUM 

Air affords breathing, more exactly, respiration. It also affords unimpeded locomotion 
relative to the ground, which affords support. When illuminated and fog-free, it alfibrds 
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visual perception. It also aflbrds the perception of vibratory events by means of sound 
fields and the perception of volatile sources by means of odor fields. The airspaces 
between obstacles and objects are the paths and the places where behavior occurs. 

The optical inf()rmation to specify air when it is clear and transparent is not 
obvious. The problem came up in Chapter 4, and the experimental evidence about the 
seeing of "nothing" will be described in the next chapter. 



THE SUBSTANCES 

Water is more substantial than air and always has a surface with air. It does not afibrd 
respiration for us. It affords drinking. Being fluid, it affords pouring from a container. 
Being a solvent, it affords washing and bathing. Its sur&ce does not afford support for 
large animals with dense tissues. The optical information for water is well specified by 
the characteristics of its surfoce. especially the unique fluctuations caused by rippling 
(Chapter 5). 

Solid substances, more substaMial th^ water, have characteristic surfaces (Chapter 
2). Depending on the animal species, some afford nutrition and some do not. A few are 
toxic. Fruits and berries, for example, have more food value when they are ripe, and 
this is specified by the color of the sur&ce. But the food values of substances are often 
misperceived. 

Solids also afford various kinds of manufacture, depending on the kind of solid 
state. Seme, such as flint, can be chipped; others, such as clay, can be molded; still 
others reco%'er their original shape after deformation; and some resist deformation 
strongly. Nate that manufacture, as the term implies, was originally a form of manual 
behavior like mifnipulation. Things were fabricated by hand. To identify the substance 
in such cases is to perceive what can be done with it, what it is good for, its utility; and 
the hands are involved. 



THE SURFAX:ES and THEIR LAYOUTS 

' have already said that a horizontal, flat, extended, rigid surface affiieds support. It 
permits equilibrium and the maintaining of a posture with respect to gravity, this being 
a force perpendicular to the surface. The animal does not fall or slide as it would on a 
steep hillside. Equilibrium and pasture are prerequisite to other behaviors, such as 
locomotion and manipulation. There will he more about this in Chapter 12, and more 
evidence about the perception of the ground in Chapter 9. The ground is quite literally 
th& basis of the behavior of land animals. And it is also the basfs of their visual 
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perception, their so-called space perception. Geometry began with the study of the 
earth as abstracted by Euclid, not with the study of the axes of empty space as 
abstracted by Descartes. The afifording of support and the geometry of a horizontal 
plane are therefore not in different realms of discourse; they are not as separate as we 
have supposed- 

The flat earth, of course, lies beneath the attached and detached objects on it. The 
earth has "furniture," or as I have said, it is cluttered. The solid, level, flat surface 
extends behind the clutter and, in fact, extends all the way out to the horizon. This is 
not, of course, the earth of Copernicus; it is the earth at the scale of the human animal, 
and on that scale it is flat, not round. Wherever one goes, the earth is separated from 
the sky by a horizon that, although it may be hidden by the clutter, is always there. 
There will be evidence to show that the horizon can always be seen, in the sense that 
it can be visualized, and that it can always be felt, in the sense that any surface one 
touches is experienced in relation to the horizontal plane. 

Of course, a horizontal, flat, extended surface that is nonrigid, a stream or lake, 
does not afl°ord support for standing, or for walking and running. There is no footing, 
as we say. It may afford floating or swimming, but you have to be equipped for that, 
by nature or by learning. 

A vertical, flat, extended, and rigid sui&tcse such as a wall or a cliff face is a barrier 
to pedestrian locomotion. Slopes between vertical and horizontal aflbrd walking, if 
easy, but only climbing, if steep, and in the latter case the surface cannot be flat; there 
must be "holds" for the hands and feet. Similarly, a slope downward affords faUing if 
steep, the brink of a cliff is a falling-off place. It is dangerous and looks dangerous. The 
affordance of a certain layout is perceived if the layout is perceived. 

Civilized people have altered ^>e steep slopes of their habitat by budding stairways 
so as to afford ascent and descent What we call the steps afford stepping, up or down, 
relative to the size of the person's legs. We are still capable of getting around in an 
arboreal l^out ef stif&^N^, tuee branches, and we have ladders that afford this kind of 
locomotion, but most of us leave that to our children. 

A cliff face, a wall, a chasm, and a stream are barriers; they do not afford pedestrian 
locomotion unless ttiere is a door, a gate, or a bridge, A tr-ee or a rode is an obstacle. 
Ordinarily, there are paths between obstacles, and these openings are visible. The 
progress of locomotion is guided by the perception of barriers and obstacles, that is, by 
the act of steering into the openings and away from the surfaces that affi>rd iajuiy. I 
have tried to describe the optical information for the control of locomotion (Gibson, 
1958), and it will be further elaborated in Chapter 13. The imminence of collision with 
a suH^a% durftig bcomotion is speeded in a panliwtlarty simple way, by an explosive 
rate of magnification of the optical texture. This has been called looming (e.g., Schiff, 
1965). It should not be confused, however, with the magnification of an opening 



between obstacles, the opening up ef a vista such as occurs in the apprpach to a 
doorway. 

THE OBJECTS 

The affordances of what we loosely call objects are extremely various. It will be recalled 
that my use of the terms is restricted and that T diStingilijiii between attached objects 
and detached objects. We are not dealing with Newtonian objects in space, all of which 
are detached, but with the furniture of the earth, some items of which are attached to 
it and cannot be moved without breakage. 

Detached objects must be comparable in size to the animal under consideration 
if they are to afford behavior. But those that are comparable afford an astonishing 
variety of behaviors, especially to annals with hands. Objects can be manufactured 
and manipulated. Some are portable in that they afford lifting and cari7ing, while 
others are not. Some are graspable and other not. To be graspable, an object must 
have opposite surfaces separated by a distaitee less than the span of ^hte hand. A five- 
inch cube can be grasped, but a ten-inch cube cannot (Gibson, 1966fe, p. 119). A large 
object needs a "handle" to afford grasping. Note that the size of an object that constitutes 
a graspable size is specified in the optic array. If this is true, it is not true that a tactual 
sensation of size has to become associated with the visual sensation of size in order for 
the affordance to be perceived. 

Sheets, sticks, fibers, containers, clothing, and tools are detached objects that 
afford manipulation (Chapter 3). Additional examples are giv^ ^h^w. 

1. An elongated object of moderate size and weight affords wielding. If used to 
hit or strike, it is a club or hammer. If used by a chimpanzee behind bars to pull in a 
banana beyond its reach, it is a sort of rake. In either case, it is an extension of the 
arm. A rigid staff also affords leverage aijd. in that use is a lever. A pointed elongated 
object affords piercing — if large it is is a spear, if small a needle or awl. 

2. A rigid object with a sharp dihedral angle, an edge, affords cutting and 
scr£^ing; it is a knife. It may be designed for both striking aaiti cutting, and then it is 
an axe. 

3. A graspable rigid object of moderate size and weight affords throwing. It may 
be a missile or only an object for play, aball. The launching of missiles by supplementary 
tools other than the hands alone — the sling, the bow, the catapult, the gun, and so 
on — is one of the behaviors that makes the human animal a nasty, dangerous species. 

4. An elongated elastic object, such as a fiber, thread, thong, or rope, affords 
knotting, binding, lashing, knitting, and weaving. These are kinds of behavior where 
manipulation leads to manufacture. 
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5. A hand-held tool of enormous importance is one that, when applied to a 
surface, leaves traces and thus aSbrds trace-tnaking. The tool may be a stylus, brush, 
crayon, pen, or pencil, but if it marks the surface it can be used to depict and to write, 
to represent scenes and to specify words. 

We have thousands of names for such objects, and we classif>' them in many ways: 
pliers and wrenches are tools; pots and pans are utensils; swords and pistols are 
weapens. They can all be said to have properties or qualKies: color, texture, compo- 
sition, size, shape and features of shape, mass, elasticity, rigidity, and mobility. Or- 
thodox psychology asserts that we perceive these (Ejects insofar as we discriminate 
their pf&perfies or qualities. Psychologists carry out elegant experiments in the labo- 
ratory to find out how and how well these qualities are discriminated. The psychologists 
assume that objects are composed of their qualities. But I now suggest that what we 
perceive when we look at objects are their afFordances, not their qualities. We can 
discriminate the dimensions of difference if required to do so in an experiment, but 
what the object aSbrds us is what we normally pay attention to. The special combination 
of qualities into which an object can be analyzed is ordinarily not noticed. 

If this is true for the adult, what about the young child? There is much evidence 
to show that the in&nt does not begin by first discriminating the qualities of objects 
and fhen learning the combinations of qualities that specify' them. Phenomenal ob^cts 
are not built up of qualities; it is the other way around. The aSbrdance of an object is 
what the in&nt begins by noticing. The meaning is observed before the substance and 
sur&ce, the color and form, are seen as such. An afibrdanee is an invariant combination 
of variables, and one might guess that it is easier to penceive such an invariant unit 



To Perceive an Affordance Is Not to 
Classify an Object 

The &ct that a stone is a missile does not imply that it cannot be other things as well. It can be 
a paperwe^ht, a boakend, a hammer, or a penduflum bob. It can be piled on another rock to 
make a caim or a stone wall. These aflbrdances are all consistent with one another. The diflerences 
between them are not clear-cut, and the arbitrary names by which they are called do not count 
for p^cepfion. If yoo know what can be done with a graspable detached ofejeet. whiK it ^Ri be 
used fin-, you ean call it whatever you please. 

The theory of affordances rescues us fi om the philosophical muddle of assuming fixed classes 
of objects, each defined by its common features and then given a name. As Ludwig Wittgenstein 
knew, you cannot specify the necessary and sufficient features of the cIass of things to which a 
name is gWm. TItey ha^e only a "family fesBfnMsiWEi" Biit tkiis 'ib^ irtd mftn y#ii <«ainot learn 
how to use things and perceive their uses. You da not have Is classify and label things in order 
to perceive what they aflord. 



than it is to perceive all the variables separately. It is never necessary to distinguish all 
the features of an object and, in feet, it would be impossible to do so. Perception is 
economical. "Those features of a thing are noticed whkh distinguish it from other 
things that it is not — but not all the features that distinguish it from everything that it 
is not" (Gibson, 1966&, p. 286). 



OTHER PERSONS AND ANIMALS 

The richest and most elaborate affordances of the environment are provided by other 
animals and, for us, other people. These are, of course, detached objects with topo- 
logically closed surfaces, but they change the shape of their surfaces while yet retaining 
the same fundamental shape. They move from place to place, changing the postures of 
their bodies, ingesting and emitting certain substances, and doing all this sponta- 
neifti^y, initiating their own moveiifen^ which is to say that their movements are 
animate. These bodies are subject to the laws of mechanics and yet not subject to the 
laws of mechanics, for they are not governed by these laws. They are so different from 
ordinary objects that infants leam almost immediately to distinguish them from plants 
and nonliving things. When touched they touch back, when struck they strike back, in 
short, they interact with the observer and with one another. Behavior affords behavior, 
and the whole subjeet matter of p>5ye1iol($gy tnd of d^e social s^ences can be thought of 
as an elaboration of this basic fact. Sexual behavior., nurturing behavior, fighting be- 
havior, cooperative behavior, economic behavior, political behavior — all depend on the 
pei«eiving of what another person or other persons afford, or sometimes on the mis- 
perceiving of it. 

What the male afR)rds the female is reciprocal to what the female affords the male; 
whst ttte infant anbrds the mother is rec^reieal to wdat the mother affords the inf ant; 
what the prey affords the predator goes along with what the predator affords the prey; 
what the buyer affords the seller cannot be separated from what the seller affords the 
buyer, an^ so on. The perceiving of these mutual affijrdances is endrmously complex, 
but it is nonetheless lawful, and it is based on the pickup of the information in touch, 
sound, odor, taste, and ambient light. It is just as much based on stimulus information 
as is the simpler perception of the support tt^ is o^red by the ground under one's 
feet. For other animals and other persons can only give off information about themselvcfs 
insofar as they are tangible, audible, odorous, tastable, or visible. 

The -other person, #ie generattzed eaher, the alter as opposed to the ego, is an 
ecological object with a skin, even if clothed. It is an object, although it is not merely 
an object, and we do right to speak of he or she instead of if. But the other person has 
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a surface that reflects light, and the information to specify what ke or she is, invites, 
promises, threatens, or does can be found in the hght. 

PLACES AND HIDING PLACES 

The habitat of a given animal contains places. A place is not an object with definite 
boundaries but a region (Chapter 3). The difiFerent places of a habitat may have dififerent 
aSordances. Some are places where food is usually found and others where it is not. 
There are places of danger, such as the brink of a cliff and the regions where predators 
lurk. There are places of refuge from predators. Among these is the place where mate 
and young are, the home, which is usually a partial enclosure. Animals are skilled at 
what the psycholo^t calls place^leaming. They can fiiid their way to sigiuiicant plbce^. 

An important kind of place, made intelligible by the ecological approach to visual 
perception, is a place that affords concealment, a hiding place. Note that it involves 
social peiseeption and raises %uesti wis »f a^sistemekigy. The concestling of oneself tr&m 
other observers and the hiding of a detached object from other observers have different 
kinds of motivation. As every child discovers, a good hiding place for one's body is not 
necess^il^ a ^gdod 'hiding place for # treasure. A dait2ched< object -can be «encealed both 
fiom other obsetvers and from the observer himself. The obseiver's body can be 
concealed fiom other observers but not from himself, as the last chapter emphasized. 
Animals^ as well as ehiMren hide themselvieis and also hide objects such as ^d. 

One of the laws of the ambient optic array (Chapter 5) is that at any fixed point of 
observation some parts of the environment are revealed and the remaining parts are 
concealed. The reciprocal of this law is that the observer himself, his bo^ considered 
as part of the environment, is revealed at some fixed points of observation and concealed 
at the remaining points. An obseiver can perceive not only that other observers are 
unhidden or hidden from him but also that he is hidden of unhidden firom other 
obseivers. Surely, babies playing peek-a-boo and children playing hide-and-seek are 
practicing this kind of apprehension. To hide is to position one's body at a place that 
is concealed st the points df observation of other observers. A "good" hiding place is 
one that is concealed at nearly all points of observation. 

All of these facts and many more depend on the principle of occluding edges at a 
point of observation, the law of reversible o«elusi«n, and the (acts df f^iKjtte and 
nonopaque substances. What we call privacy in the design of housing, for example, is 
the providing of opaque enclosures. A high degree of concealment is afforded by an 
enclosure, and complete concealment is afforded by a c&mfitte en@l0sufle. But note 
that there are peepholes and screens that permit seeing without being seen. A trans- 
parent sheet of glass in a window transmits both illumination and information, whereas 



a translucent sheet transmits illumination but not information. There will be more of 
this in Chapter 11. 

Note also that a ^ass wall affords seeing through but not walking through, whereas 
a cloth curtain affords going through but not seeing through. Architects and designers 
know such facts, but they lack a theory of afibrdances to encompass them in a system. 

SUMMARY: POSITIVE AND NEGATIVE AFFORDANCES 

The foregoing examples of the affordances of the environment are enough to show how 
general and powerful the concept is. Substances have biochemical ofierings and afford 
manufacture. Surfaces afford posture, locomotion, collision, manipulation, and in gen- 
eral behavior. Specif forms of layout afibrd shelter and concealment. Fires aSbrd 
warming and burning. Detached objects — tools, utensils, weapons — afford special types 
of behavior to primates and humans. The other animal and the other person provide 
mutual and reciprocal affordances at extremely high levels of behavioral complexity. At 
the highest level, when vocalization becomes speech and manufactured displays become 
images, pictures, and writing, the affordances of human behavior are staggering. No 
more of that velll be censiidered at thto stage except to point out that speech, pictures, 
and writing still have to be perceived. 

At all these levels, we can now obseive that some offerings of the environment are 
beneficial and some are injurious. These are slippery terms that sh«uld only be used 
with great care, but if their meanings are pinned down to biological and behavioral 
facts the danger of confiision can be minimized. First, consider substances that afford 
ingestion. Some afford nutrition for a ^\^en animal, some afioNl poisoning, and some 
are neutral. As I pointed out before, these facts are quite distinct from the affording of 
pleasure and displeasure in eating, for the experiences do not necessarily correlate with 
the biological efffeete; Second, consider the brink o$ a chff. On the one side it afibrds 
walking along, locomotion, whereas on the other it affords &lling oS, injury. Third, 
consider a detached object with a sharp edge, a knife. It affords cutting if manipulated 
in one manner, but it affords being cut if manipulated in another manner. Similarly, 
but at a different level of complexity, a middle-sized metallic object affords grasping, 
but if charged with current it affords electric shock. And fourth, consider the other 
person. The animate object can ^e caresses or blows, contact comfert or contact 
injury, reward or punishment, and it is not always easy to perceive which will be 
provided. Note that all these benefits and injuries, these safeties and dangers, these 
positive and negative affordances are properties of things taken uiitfc mference to an 
observer but not properties of the experiences of the observer. They are not subjective 
values; they are not feelings of pleasure or pain added to neutral perceptions. 
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There has been endless debate among philosophers and psychologists as to whether 
values are physical or phenomenal, in the world of matter or only in the world of mind. 
For aferdances as distinguished from values, the debate does not apply. Affordances 
are neither in the one world or the other inasmuch as the theory of two worlds is 
rejected. There is only one environment, although it contains many observers with 
limitless opportunities for them to live in it. 

TMte ORIGIN OF THE COfiGEPT OF 
AFFORDANCES: A RECENT HISTORY 

The gestalt psychologists recognized that the meaning or the value of a tlSng seems to 
be perceived just as immediately as its color. The value is clear on the ^de of9t, as we 
say, and thus it has a physiognomic quality in the way that the emotions of a man 
appear on his face. To quote from the Principles of Gestalt Psychology (Kofika, 1935), 
" Each thing says what it is. ... a fruit says Eat me'; water says 'Drink me', thunder 
says 'Fear me'; and woman says 'Love me' " (p. 7). These values are vivid and essential 
features of the experience itself. Koffta did not believe that a meaning of this sort could 
be explained as a pale context of memory images or an unconscious set of response 
tendencies. The postbox "invites" the mailing of a letter, the handle 'wants to be 
grasped." and things "tell us what to do with them" (p. 353). Hence, they have what 
KofBca called "demand character." 

Kurt Lewin coined the term Aufforderungscharakter, which has been translated 
as invitation character (by J. F, Brown in 1929) and as valence (by D. K. Adams in 
1931; ef. Marrow, 1969, p. SB, for the history of these translations). The latter term 
came into general use. Valences for Lewin had corresponding vectors, which could be 
represented as arrows pushing the observer toward or away from the object. What 
explanation could be given for these valenees, ^e characters »bjects that invited 
demanded behavior? No one, not even the gestalt theorists, could think of them as 
physical and, indeed, they do not fall within the province of ordinary physics. They 
must thei%(bre be phenomenal, ^wen thee assumption of duailism. If theve were two 
objects, and if the valence could not belong to the physical object, it must belong to 
the phenomenal object — to what Kofika called the "behavioral" object but not to the 
"geo^>a^icar' object. The valence oF an objecl- was bestowed upon ii in ^pigFienee, 
and bestowed by a need of the obseiver. Thus, Kofika argued that the postbox has a 
demand character only when the obseiver needs to mail a letter. He is attracted to it 
whftn he has a letter to post, not otherwise. The value of something was assumed to 
change as the need of the obseiver changed. 

The concept of afibrdance is derived from these concepts of valence, invitation, 
and demand but with a crucial difierence. The aflbrdance of semethijig does not chatige 



as the need of the observer changes The observer may or may not perceive or attend 
to the affordance, according to his needs, but the affordance, being invariant, is always 
there to be perceived. An aS>rd3nce is not bestowed upon an object by a need of an 
observer and his act of perceiving it. The object offers what it does because it is what 
it is. To be sure, we define what it is in terms of ecological physics instead of physical 
physics, and it therefore possesses meaning and value to begin wifh. But this is meaning 
and value of a new sort. 

For Kofika it was the phenomenal postbox that invited letter-mailing, not the 
physical postbox. But this duality is pernicious. I prefer to say that the real postbox 
(the only one) afifords letter-mailing to a letter-writing human in a community with a 
postal system. This fiact is perceived when the postbox is identified as such, and it is 
apprehended whether the posCbox is in s^ht or out of sight. To feel a special attraction 
to it when one has a letter Im mail is not surprising, but the main fact is that it is 
perceived as part of the enwiroament — as an item of the neighborhood in which we 
five. EveryShg Sbove (he age of six knows what Tt is for and where the nearest one is. 
The perception of its afFordance should therefore not be confused with the temporary 
special attraction it may have. 

The gestalt psychologists explained the directness and immediacy of the experience 
of valences by postulating that the ego is an object in experience and that a "tension" 
may arise between a phenomenal object and the phenomenal ego. When the object is 
in "a dynamic relation with the ego" said Kofika, it has a demand character. Note that 
the "tension," the "relation," or the "vector" must arise in the "field," that is, in the 
field of phenomenal experience. .Although many psychologists find this theory intelli- 
gible, I do not. There is an easier way of explaining why the values of things seem to 

Figure 8, 1 

The changing perspective structure of a postbox during approach by an observer. 
As one reduces the distance to the object to one-third, the v isuai solid angle of the object increases 
three times. Actually this is only a detail near th» center of an outflowing optic array. (From The 
Pci^efltton iEi/ l^e VUud Worbi inims Jescmfe Cibson and used wi#i (he agreement of ttie 
reprint publisher. Greenwood Press, Inc.) 
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be perceived immediately and directly. It is because the aSbrdances of things ibr an 
observer are specified in stimulus information. They seem to be perceived directly 
because they are perceived directly. 

The accepted theories of perception, to which the gestalt theorists were objecting, 
implied that no experiences were direct except sensations and that sensations mediated 
all ofher kinds of experience. Bare sensations had to be clothed with meaning. The 
seeming directness of meaningful perception was therefore an embarrassment to the 
orthodox theories, and the Cestaltists did right to emphasize it. They began to under- 
mine the sensation-based theories, But their own explanaddns of why it is that d fruit 
says "Eat me" and a woman says "Love me" are strained. The gestalt psychologists 
objected to the accepted theories of perception, but they never managed to go beyond 
them. 



THE OPTICAL INFORMATION FOR 
PERCEIVING AFFORDANCES 

The theory of aifordances is a radical departure from existing theories of value and 
meaning. It begins with a new definition of what value and meaning are. The perceiving 
of an affordance is not a process of perceiving a value-f ree physical object to which 
meaning is somehow added in a way that no one has been able to agree upon; it is a 
process of perceiving a value-rich ecological object. Any substance, any surface, any 
layout has some a&rdance for benefit or injury to someone. Physics may be value- 
free, but ecology is net. 

The central question for the theory of affordances is not whether they exist and 
are real but whether information is available in ambient light for perceiving them. The 
skeptic may now be convinced Chat theiie is infer inatt^ in light for some properties of 
a surface but not for such a property as being good to eat. The taste of a thing, he will 
say, is not specified in light; you can see its form and color and texture but not its 
palatability; you have to taste it for that. The skeptic understands the stimulus variables 
that specify" the dimensions of visual sensation; he knows from psychophysics that 
brightness corresponds to intensity and color to wavelength of light. He may concede 
the invariants of structured stimulation that specify surfaces and how they are laid out 
and what they are made of. But he may boggle at invariant combinations of invariants 
that specify the affordances of the environment for an observer. The skeptic familiar 
with the experimental control of stimulus variables has enough trauble understanding 
the invariant variables I have been proposing without being asked to accept invariants 
of invariants. 
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Nevertheless^ a uniijae combination of invariants, a compound invariant, is just 
another invariant. It is a unit, and the components do not have to be combined or 
associated. Only if percepts were combinations of sensations would they have to be 
associated. Even in the classical terminology, it could be argued that when a number 
of stimuli are completely covariant, when they always go together, they constitute a 
single "stimulus." If the visual system is capable of extracting invariants from a changing 
optic arnay, there is no reason why it should not extract invariants that seem to us 
highly complex. 

The trouble with the assumption that high-order optical invariants specify high- 
ordA' affordances is that expowfnttenteDS, accustomed to working in the la!boratory with 
low-order stimulus variables, cannot think of a way to measure them. How can they 
hope to isolate and control an invariant of optical structure so as to apply it to an 
observer tf they cannot quantify it? The answer comes in two parts, I think. First, they 
should not hope to apply an invariant to an obseiver, only to make it available, for it 
is not a stimulus. And, second, they do not have to quantify an invariant, to apply 
numbers to it, but only to give it an exact nfiathen^feal ^scriptien so that other 
experimenters can make it available to their observers. The virtue of the psychophysical 
experiment is simply that it is disciplined, not that it relates the psychical to the 
phyclbat by a metric formula. 

An affordance, as I said, points two ways, to the environment and to the observer. 
So does the information to specify an affordance. But this does not in the least imply 
separate realms of consciousness and matter, a psychophysical duil'fsm. It says only 
that the information to specify the utilities of the environment is accompanied by 
information to specify the observer himself, his body, legs, hands, and mouth. This is 
dnly to reemphaSize that exteroception is adtmttpariied by pi'epriBception — that to 
perceive the world is to coperceive oneself. This is wholly inconsistent with dualism in 
any form, either mind-matter dualism or mind-body dualism. The awareness of the 
world and of one's eompiementary relations' to the world are not separable. 

The child begins, no doubt, by perceiving the affordances of things for her, for her 
own personal behavior. She walks and sits and grasps relative to her own legs and body 
and Hancfe. But she must leam ttj percfefve th6 aflbrdances of tlWiiigS for other observers 
as well as for herself An affordance is often valid for all the animals of a species, as 
when it is part of a niche. I have described the invariants that enable a child to perceive 
the same sohd shape at different points of observation and that likewise enable two or 
more children to perceive the same shape at different points of observation. These are 
the invariants that enable two children to perceive the common affordance of the solid 
shape desflite the different per.SpecMve$, the affordance of a toy, for example. Only 
when each child perceives the values of things for others as well as for herself does she 
begin to be sociali2ed. 
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If there is inibrmation in the ambient hght for the affordances of things, can there also 
be misinformation? According to the thoery being developed, if information is picked 
up perception results; if misinformation is picked up misperception results. 

The britik of a cliff affljrd^ falling off; it is in fact dangerous and it looks dangerous 
to us. It seems to look dangerous to many other terrestrial animals besides ourselves, 
including infant animals. Experimental studies have been made of this fiact. If a sturdy 
sheet of plate glass is extended out over the edge it no longer aSbrds falling and in fact 
is not dangerous, but it may still look dangerous, The optical information to specify 
depth-downward-at-an-edge is still present in the ambient light; for this feason the 
device was called a visual cliff by E. J. Gibson and R. D. Walk (1960). Haptic 
information was available to specify an adequate sur&ce of support, but this was 
contradictory to the optical information. When human infants at the crawling stage of 
locomotion were tested with this apparatus, many of them would pat the glass with 
their hands but WBuld not venture out on the surface. The babies mtipeiweived the 
affordance of a transparent surface for support, and this result is not surprising. 

Similarly, an adult can misperceive the affordance of a sheet of glass by mistaking 
a closed glass door for an open doorway and attempting to walk through it. He then 
crashes into the barrier and is injured. The affordance of collision was not specified by 
the outflow of optical texture in the array, or it was insufficiently specified. He mistook 
glass for air. The occluding edges of the doorway were specified and the empty visual 
solid angle opened up symmetrically in the normal manner as he approached, so his 
behavior was properly controlled, but the imminence of collision was not noticed. A 
little dirt on the surface, or htigh!%lits, would have htm. 

These two cases are instructive. In the first a surface of support was mistaken for 
air because the optic array specified air. In the second case a barrier was mistaken for 
air for the same reason. Air downward affords &lltng and is dat^rous. Air forward 
affords passage and is safe. The mistaken perceptions led to inappropriate actions. 

Errors in the perception of the surface of support are serious for a terrestrial 
animal. If qtiicksand is mistaken>for sand, fhe petaAver is in deep trouble. If « cowered 
pit&ll is taken for solid ground, the animal is trapped. A danger is semetimes hidden — 



Things Th.^t Look ljke What Twey .^he 

If the affordances of a thing are perceived correctly, we say that it looks like what it is. But we 
must, of course, learn to see what things really are — for example, that the innocent-looking leaf 
is really a nettle or that the helpful-sounding politician is really a demagogue. And this can be 
very difReult. 



the shark under the calm water and the electric shock in the radio cabinet. In the 
natural environment, poison ivy is fi-e«[uently mistaken for ivy. In the artificial envi- 
ronment, acid can be mistaken for water. 

A wildcat may be hard to distinguish from a cat, and a thief may look like an honest 
person. When Kofika asserted that "each thing says what it is," he failed to mention 
that it may lie. More exactly, a thing may not look like what it is. 

Nevertheless, however true all this may be, the basic afibrdances of the environ- 
ment are perceivable and are usually perceivable directly, without an excessive amount 
of learning. The basic properties of the environment that make an affordance are 
specified in the structure of ambient light, and hence the affordance itself is specified 
in ambient light Moreover, an invariant variable that is commensurate with the body 
of the observer himself is more easily picked up than one not commensurate with his 
body. 



SUMMARY 

The medium, substances, surfaces, objects, places, and other animals have affordances 
for a given animal. They offer benefit or injury, life or death. This is wky they need to 
be perceived. 

The possibilMtes of the environment and the way of life of the animal go together 
inseparably. The environment constrains what the animal can do, and the concept of 
a niche in ecology reflects this fact. Within limits, the human animal can alter the 
dftirdances c^the environment but is still file creature of his or Her" situation. 

There is information in stimulation for the physical properties of things, and 
presumably there is information Itjr the environmental properties. The doctrine that 
says we must distinguish among the variables of things before we titan learn their 
meanings is questionable. Affordances are properties taken with reference to the ob- 
server. They are neither physical nor phenomenal. 

The hypothesis of information in ambient light to specify atfordancSt^ ^ the cul- 
mination of ecological optics. The notion of invariants that are related at one extreme 
to the motives and needs of an observer and at the other extreme to the substances 
aai Hirfaces of a world provides a new approach to psychology. 
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EXPERIMENTAL EVIDENCE 
FOR DIRECT PERCEPTION: 
PERSISTING LAYOUT 

Direct perception is what one gets from seeing Niagara Falls, say, as distinguished 
from seeing a picture of it. The latter kind of perception is mediated. So when I assert 
that perception of the environment is direct, I mean that it is not mediated by retinal 
pictures, neural pictures, or mental pictures. Direct perception is the activity of getting 
information from the ambient array of light. I call this a process of information pickup 
that involves the exploratcfry activity of looking around, geftitig arouad, and Itii^idtlg M 
things. This is ijuite different from the supposed activity of getting information from 
the inputs of the optic nerves, whatever they may prove to be. 

The evidence fcr direct ^ual perceptioti has accumulated slowly, over many 
years. The very idea had to be developed, the results of old experiments had to be 
reinterpreted, and new experiments had to be earned out. The next two chapters are 
devoted to the experiment*! evidence. 

The experiments villi be considered under three main headings: fi rst, the direct 
perception of surface layput; second, the direct perception of changing surface layout; 
and third, the direct pei«^ion of the mevedlS^jlfs ef Ihe sdlf . This chapter is devoted 
to the direct perception of sui'face layout. 



EVIDENCE FOR THE DIRECT PERCEPTION 
OF StIRFACE LAYOUT 

Some thirty years ago, during World War II, psychologists were trying to apply the 
theory of depth perception to the problems of aviation, especially the problem of how 
a flier lands an airplane. Pilots were given tests for depth perception, and there was 
Controversy as to whether depth perception was learned or innate. The same tests are 
still being given, and the same disagreement continues. 

The theory of depth perception assumes that the third dimension of space is lost 
in the two-dimensional retinal image, Perception must begin with form pq|°ception, the 
Hat patch^oi^ of celors in the visual Hehj. But there are supposedly cues (m depth, 



whM. if they are utili^edi will add a third dimensiowi to the flat vIsuaT field. A Hst of 
the cues for depth is given in most psychology textbooks: linear perspectis-e, apparent 
size, superposition, light and shade, relative motion, aerial perspective, accommodation 
(the mon«icu]ar cues), along With binocular disparity and convergence (the binocular 
cues). You might suppose that adequate tests could be made of a prospective flier s 
ability to use these cues and that experiments could be devised to find out whether or 
not they ^ere leanted. 

The trouble was that none of the tests based on the cues for depth predicted the 
success or failure of a student pilot, and none of the proposals for improving depth 
perception by training made it any easier to learn to fly. I was deeply puzzled by this 
fact. The accepted theory of depth perception did not work. It did not apply to problems 
where one might expect it to apply. I began to suspect that the traditional list of cues 
for depth was inadequate. And in the end I came to believe that the whole theory of 
depth perception was false. 

I suggested a new theory in a book on what I called the visual world (Gibson, 
l%50b). I considered "the possibility that there is literally no such thing as a perception 
of space without the perception of a continuous background surface" (p. 6). I called this 
a ground theory of space perception to distinguish it fi-om the air theory that seemed 
to underlie the old approach. The idea was that the wdfrld consisted of a basic surface 
with adjoining surfaces, not of bodies in empty air. The character of the visual world 
was given not by objects but by the background of the objects. Even the space of the 
airplane pHot, I said, was determined by the ground and the hbrizon of the earth, not 
by the air through which he flies. The notion of space of three dimensions with three 
axes for Cartesian coordinates was a great convenience for mathematics, I suggested, 
but an abstraction that had very little to do with actual percefytion, 

I would now describe the ground theory as a theory of the layout of surfaces. By 
layout, I mean the relations of surfaces to the ground and to one another, their 
arrangement. The layout includes both places and objects, together with other features. 
The theory asserts that the perception of surface layout is direct. This means that 
perception does not begin with two-dimensional form perception. Hence, there is no 
special kind of perception called depth perception, and the third dimension is not lost 
in the retinal image since it was never in the environment to begin with. It is a loose 
term. If depth means the dimension of an object that goes with height and width, 
there is nothing specid'l about it. Height becomes depth when the object is seeti from 
the top, and width becomes depth when the object is seen from the side. If depth 
means distance fi-om here, then it involves self-perception and is continually changing 
as the observer moves about. The theory of depth pSrceptibn is based on confii^ion 
and perpetuated by the fallacy of the retinal picture. 

I now say that there is information in ambient light for the perception of the layout 
of surfaces but not that there are cues or clues fer ihe perception of depth. The 
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traditienal list of cues is worthless if percepMoii does not b^ih with a flaf pteture. I 
tried to reformulate the list in 1950 as "gradients and steps of retinal stimulation" 
(Gibson, 1950t>, pp. 137 S.). The hypothesis of gradients was a good beginning, but the 
reftirmulation ftilsd. It had the great handicap (St being b^sed on physiolo^cal optics 
and the retina! image instead of ecological optics and the ambient array. 

Such is the hypothesis of the direct perception of surface layout What is the 
evidence to support it? Some experiments had been carried out even beftire 1950, 
outdoor experiments in the open air instead of laboratory experiments with spots of 
light in a darkroom, but they were only a beginning (Gibson, 1947). Much more 
experimental evidence has accumulated in the last twenty-five years, 



THE PSYCHOPHYSICS OF SPACE AND 
FORM PERCEPTION 

The studies to be described were thought of as psychophysical experiments at the time 
they were performed. There was to be a new psychophysics of perception as well as 
the old psychophysiics of sewsatien. For I thought I had discovered that there were 
stimuli for perceptions in much the same way that there were known to be stimuli for 
sensations. This now seems to me a mistake. I failed to distinguish between stimulation 
proper and stimulus information, between what happens at passive receptors and what 
is available to active perceptual systems. Traditional psychophysics is a laboratory 
discipline in which physical stimuli are applied to an observer. He is prodded with 
controlled and systemaitieally varied bits of energy se as to discover ■how his experience 
varies correspondingly, This procedure makes it difficult or impossible for the observer 
to extract invariants over time. Stimulus prods do not ordinarily carry information about 
the environment. 

What I had in mind by a psychophysics of perception was simply the emphasis on 
perception as direct instead of indirect. I wanted to exclude an extra process of inference 
or construction. I meant ^r should have meant) thit afrimals and people sense the 
environment, not in the meaning of having sensations but in the meaning of detecting. 
When I asserted that a gradient in the retinal image was a stimulus for perception, I 
itttant only that it was sensed as a unit; it was not a collection of points whose separate 
sensations had to be put together in the brain. But the concept of the stimulus was not 
clear to me. I should have asserted that a gradient is stimulus information. For it is 
first of all an invariant property of an optte array. I should not have implied that a 
percept was an automatic response to a stimulus, as a sense impression is supposed to 
be. For even then 1 realized that perceiving is an act, not a response, an act of attention, 
net a tr^lg^d Impces^on, an achievement, not a reflex. 
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So what I ishould have meant by a "psychophysical" theory of perception in 1930 
and by perception as a "function of stimulation" in the essay I wrote in 1959 (Gibson, 
1959) was the hypothesis of a one-stage process for the perception of surface layout 
instead of a two-stage process of first perceiving flat forms and then interpreting the 
cues for depth. 

I now believe that there is no such thing as flat-form perception, just as there is 
no smA thing'as d^th perception. (Th^e are draavings ami ^ctwes, to be sure, but 
these are not "forms," as I will explain in Part IV. The theory of form perception in 
psychology is no less confused than the theory of depth perception.) But this was not 
clear when I wrote my book in 195@, where I proM^d ruit only a psychophysics of 
space perception in Chapter 5 but also a psychophysical approach to form perception 
in Chapter 10. This sounded promising and progressive. Visual outline forms, I sug- 
gested, are n€>t uniqae entities. "They coald be arrAiged in a systematic way such that 
each form would differ only gradually and continuously from all others" (Gibson, 1950b, 
p. 193). What counts is not the form as such but the dimensions of variation of form. 
And psychophysical experiments could be carried out if tltese dimensions were isolated. 

Here was the germ of the modern hypothesis of the distinctive features of graphic 
symbols. It also carries the faint suggestion of a much more radical hypothesis, that 
vikmt the eye picks up is a se^psntial transformation, not a form. The study of form 
discrimination by psychophysical methods has flourished in the last thirty years W. R. 
Gamer, Julian Hochberg, Fred Attneave, and others have achieved the systematic 
variation of outline forms and patterns in elegant ways (e.g.. Garner, 1974). My 
objection to this research is that it tells us nothing about perceiving the environment. 
It still assumes that vision is simplest when there is a form on the retina that copies a 
form »n a surfsfee facing Ae retina. It perpettiafts the ^lacy that fbtm pereepttftn is 
basic. It holds back the study of invariants in a changing array. But the hypothesis that 
forms are directly perceived does not upset the orthodoxies of visual theory as does the 
hypothec fhat invariants are direcdy perceived, and hence it is widely accepted. 

The psychophysical approach to surface perception is much more radical than the 
psychophysical approach to form perception, and it has not been widely accepted over 
the last twenty-five years. Has its promise been fulfilled? Some experiments can be 
summarized, and the evidence should be pulled together. 

EXPERIMENTS ON THE PERCEPTION OF A SURFACE 
AS DISTINGUISHED FROM NOTHING 

Metzger's Experiment Is tridimensional space perception based on bidimensional 
sensations to which the third dimension is added, or is it based on surface perception? 
The first experiment bearing on- this issue is that of W. Metzger in 11^. Me faced the 
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epes of his observer with a large, dimly lighted plaster wall, which rendered the light 
coming to the visual system unfocusable. Neither eye could accommodate, and probably 
the eyes could not converge. The total field (Ganzfeld) was, as he put it, homogeneous. 
Under high illumination, the ob^rver simply perceived the wall, and the outcome was 
so obvious as to be uninteresting, But under low illumination, the fine-grained texture 
of the surface was no longer registered by a human eye, and the observer reported 
seeing what he called a fog or haze or tiiM Of light. H^ certaiBly did not see a surface 
in two dimensions, and therefore Metzger was tempted to conclude that he saw 
something in three dimensions; that is, he was perceiving "space. " 

But I did not see depth in the "mist of light." /mother way to get a homegeneous 
field is to confront the eyes with a hemisphere of diffusing glass highly illuminated from 
the outside (Gibson and Dibble, 1952). A better way is to cover each eye with a fitted 
cap of strongly (Mousing translucent material worn like a pair of goggles |@iibson and 
Waddell, 1952). The structure of the entering light, the optical texture, can thus be 
eliminated at any level of intensity. What my observers and I saw under these conditions 
could better be described as "nothing" m the sense of "no thing." It was like looking 
at the sky. There was no surface and no object at any distance. Depth was not present 
in the experience but missing from it. What the observer saw, as I would now put it, 
was an empty medium. 

The essence of Metzger's experiment and its subsequent repetitions is not the 
plaster wall or the panoramic surface or the diffusing glass globe or the eye-caps. The 
experiment provkhs discontinuities in the light to an eye at one extreme anA eMminates 
them at the other. The purpose of the experiment is to control and vary the projective 
capacity of light. This must be isolated from the stimulating capacity of hght. Metzger's 
experiment points to the distinction between an optic array with structure and a 
nonarray without structure. To the extent that the array has structure it specifies an 
environment. 

A number of experiments using a panoramic surface under low illumination have 
been carried out, although the experimenters did not always realize what they were 
doing. But all the experiments involved more or less faint discontinuities in the light 
to thie eye. What the observers said they saw is coiWplex and hard to describe. One 
attempt was made by W. Cohen in 1957, and the other experiments have been surveyed 
by L. L. Avant (1965). It is fair to say that there are intermediate perceptions between 
g6e^% nothing and seeing something as the discontinuities become stronger. These are 
the polar opposites of perception that are implied by Metzger's experiment, not the 
false opposites of seeing in two dimensions and seeing in three dimensions. 

The confijsion over whether there is or ts rttJt "di^tff ' in Metzger's luminous fog 
is what led me to think that the whole theory of depth, distance, the third dimension, 
and space is misconceived. The important result is the neglected one that a surface is 
^en 'when thc'array has structure, that is, dift^nces in dfArent dfrections. A perfectly 
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flat sui&ce in front of the eyes is still a layout, that is, a wall. And that is all that "seeing 
in two dhnenrsions" can possibly mean. 

The Experiment with Translucent Eye-Caps Eliminating optical texture fi-om the light 
entering the eye by means of translucent diffusing goggles is an experiment that has 
been repeated many times. The observer is blind, not to light, for the photoreceptors 
are still stimulated, but to the environment, for the ocular system is inactivated; its 
adjustments are frustrated. The observer cannot look at or look around, and I shall 
devote a chapter to this activity later. The eye-caps have also been adapted for exper- 
iments on the development of vision in yoting animals. It was known that when diurnal 
animals such as primates were reared from birth in complete darkness they were blind 
by certain criteria when brought into an illuminated environment (although this was 
not trae o€ Tioetiimal animMs whose ancestors were used t« getting around in the da^). 
Now it was discovered that animals deprived of optical structure but not of optical 
stimulation were also partly blind when the eye-caps were removed. Crudely sp>eaking, 
they e«uld not use their eyes properly. Anatomical degemeratien ^ the ^hotoriioef|ftors 
had not occurred, as with the animals reared in the dark, but the exploratory adjust- 
ments of the visual system had not developed normally. The experiments are described 
in Chapter 12 of Perceptual Learning and Deoelopment by Eleanor ]. Gibson (1969). 

Experiments with a Sheet of Class It is fairly well known that a clean sheet of plate 
glass that projeets no reflections or highlights to the observer's eye is, as we say, 
invisible. This fact is not self-explanatory, but it is very interesting. It means that one 
perceives air where a material surface exists, because air is specified by the optic array. 
I have ^n people try te walk through plste^glass dCKsrs to Chefr great discomfiture and 
deer try to jump through plate-glass windows with fatal results. 

A perfectly clear sheet of glass transmits both light considered as energy and an 
array of light tonsidiered as information. A frosted or pebbled sheet of glass transmits 
optical energy but not optical information. The clear sheet can be seen through, as we 
say, but the frosted sheet cannot. The latter can be seen, but the former cannot. An 
imperceptible sheet of glass can be made increasingly perceptible by letMng di^ or 
powder fall on it or by spattering it. Even the faintest specks can specify the surface. 
In this intermediate case, the sheet transmits both the array from the layout behind 
the glass ar»d the array from rtie glass itself. We say that we see the farther surfece 
through the glass surface. The optical structure of one is mixed or interspersed with 
the optical structure of the other. The transparency of the near surface, more properly 
its semitransparency, is then perceived (Gibson, 1976). One two Sttr&des, sepa- 
rated in depth, in the same direction from here or, better, within the same visual solid 
angle of the ambient array. At least one sees them separated if the interspersed 



structures are different, or if the elements of one move relative to the elements of the 
other (E. J. Gibson, Gibson, Smith, and Flock, 1959). 

Many of the above assertions are based on informal experiments that have not 
been published. But the reader can check them for himself with little trouble. I 
conclude that a surface is experienced when the structural information to specify it is 
picked up. 

Experiments with a Pseudotunnel In the case of a sheet of glass, a surface may exist 
and go unperceived if it is not specified. In the next experiment, a surface may be 
nonexistent but may be- perceived if it is specified. The pseudosurface in this case was 
not flat and fi ontal but was a semienclosure, a cylindrical tunnel viewed fiom one end. 
I called it an optical tunnel to suggest that the surface was not material or substantial 
but was produced by the light to the <eye. Another way of describing it would be to say 
that it was a virtual but not a real tunnel. 

The purpose of the experiment was to provide information for the perception of 
the itlslde surface @f a cylinder without the ordinary source of this snformation, the 
inside surface of a cylinder. I would now call this a display. The fact that the perception 
was illusoiy is incidental. I wanted to elicit a synthetic perception, and I, therefore. 

Figure 9.1 

The optic array coining to the eye from the optical tunnel. 
There are nine cdiitrasts tfi ^is cross-seefiOn of array, that is, niHe transitions of luminous 
intensity. The next figure shows a longitudinal section. The point of observation for the figure on 
the left is centered with the tunnel, whereas the point of observation for the figure on the right 
is to the right of center. (From J.J. Gibson, J. Purdy, and L. Lawrence: ".'V Method of Controlling 
Stimulation for the Study of Space Perception: The Optical Tunnel," Jmirnal of Experimental 
PsychtA^, S0, 1-14!. Copyngbt 19i5 by Ameiican Psycholo^i»l Association. Reprinted 
by pfimissibn.) 
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had t© synth^ze tiie information, It was an experiment in perceptual psychophysics, 
more exactly, psycho-optics. The observers were fooled, to be sure, but that was 
irrelevant. There was no information in the array to specify that it uxis a display. This 
situation, I shall argue, is very rare. 

My collaborators and I (Gibson, Purdy, and Lawrence, 1955) generated a visual 
sohd angle of about 30° at the point of observation. This array consisted of alternating 
dark and ritags nested within one another, sepavsted by ^brtipt circular contours. 
The number of rings and contours from the periphery to the center of the array could 
be varied. At one extreme there were thirty-six contours, and at the other seven. 

Thus the mean Ansfty of tfee c<M(*r4Jts Jft flw ms vM§d from fine to coarse. 
The gradient of this density could also be varied; normally the density increased from 
the periphery toward the center. 

The source of this display, the apparatus, was a set of large, very thin, plastic 
sheets, each hiding the next, with a one-foot hole cut in the center of each. They were 
indirectly illuminated from above or below. The contours in the array were caused by 
the e^es-of the sheets. The texture of the plastic was so fine as to be invisible. Black 
and white sheets could be hung in alternation one behind another, or, as a control, all- 
black or all-white surfaces could be displayed. The observers looked into these holes 

Figure 9.2 

A lon^tudinal section of the optical tunnel shown in Figure 9.1. 

Nine plastic sheets are shown, black and white alternating, with the cut edges of the nine holes 
aligned. The increase in the density of the contrasts from the periphery- to the center of the array 
is evident. (From J. J. Gibson, J. Purdy, and L. Lawrence: "A Method of Controiting Stimulation 
for the Study of Space Perception; The Optical Tunnel," Jtumal of Experimental Psychology, 
1955, 50, 1-14. Copyright 1955 by the American Psychological Association. Reprinted by per- 
mission.) 
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from a booth, and extreme precautions were taken to prevent them from having any 
preconception of what they would see. 

The principal result was as follows. When all-black or all-white surfaces were used, 
the observers saw nothing; the area within the first hole was described as a hazy or 
misty fog, a dark or light film, without obvious depth. At the other extreme, when 
thirty-six dark and light rings were displayed, all observers saw a continuous striped 
ey^lindricill surface, a sobd tunnel. No edges were seen, and "a ball could be rolled 
from the far end to the entrance," 

When nineteen contrasts were displayed, two-thirds of the observers described a 
solid tunnel. When thirteen contrast wwe displayed, half did so; and when seven 
contrasts were displayed, only one-third did so In each case, the remainder said they 
saw either segments of surface with air in between or a series of circular edges (which 
was, of eourse, correct), Wl^ fewer contrasts, the experience became pffO|jressive)^ 
less continuous and substantial. The proximity of these contours had proved to be 
crucial. Stirfaciness depended on their mean density in the array. 

Whst about'the cylifidrieal shape of- the sarfece, the receding layout of the tunnel? 
This could be altered in a striking way and the tunnel converted into a flat surface like 
an archery target with rings around a bull's-eye simply by rearranging the sheets in the 

Figure 9.3 

An arrangement that provides an array with a constant density of contrasts from 
periphery to center. 

Only the first seven apertures are shown. The observer does not see a tunnel with this display but 
a flat sUr&ce wilfi conceiflric rings, Stifhi&ftiihg like an archery targ<ft, so long as the head is 
immobile and one eye is covered. (Fr«m J. J. Gibson, J, Purdy, and L. Lawrence: "A Method of 
Controlling Stimulation for the Study of Space Perception: The Optical Tunnel," Journal of 
Experimental Psychology, 1955, 50, 1-14. Copyri^t 19.55 the .American Psychological Asso- 
ciation. Reprinted by permission.) 
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way illustrated. The gradient of inereaisingi praximity toward the center ^ the array 
gives way to aii e^ual proximity. But the target surface instead of the tunnel surface 
appeared only if the observer's head was fixed and one eye was covered, that is, if the 
array was frozen and single. If the head was moved or (he oth&r eye used, the tttnnel 
shape was again seen. The frozen array specified a flat target, but the dual or trans- 
forming array specified a receding tunnel. This is only one of many experiments in 
which pefeeption with monocular fixed vision is exceptional. 

Conclusion These experiments with a dimly lighted wall, with translucent eye-caps, 
witli a sheet of glass, and with a pjeudotunnel seem fo show ttiat the perceptfon of 
surfaciness depends on the proximity to one another of discontinuities in the optic 
array. A suriace is the interface between matter in the gaseous state and matter in the 
liquid or solid state. A surface comes to exist as the matter on one side of the inter&ce 
becomes more substantial (Chapter 2) The medium is insubstantial, Mists, clouds, 
water, and sohds are increasingly substantial. These substances are also increasingly 
opaque, ejfcept fbr a substan(% like ^ass, which is rare in nature. What these experi- 
ments have done is to vary systematically the optical information for the perception of 
substantiality and opacity. (But see the next chapter on the perception of coherence.) 

The experiment with the pseudotunnel also seems to show that the perceptiolh of 
a surface as such entails the perception of its layout, such as the front-facing layout of 
a wall or the slanting layout of a tunnel. Both are kinds of layout, and the traditional 
distinction between t\¥&-dimen$ional and fhr^e-dimensional vision is a ihyth. 

EXPERIMENTS ON THE PCBGEPTION' OF TH*: 
SURFACE OF SUPPORT 

The ground outdoors or the flobt indoors is the main surface of support. Animals have 
to be supported against gravity. If the layout of surfaces is to be substituted for space 
in the theory of perception, this fundamental surface should get first consideration. 
How is it perceived? Animals like us can always feel the surihce of support except when 
falling fi eely. But we can also see the surface of support under our feet if we are, in 
lact, supported. The ground is always specified in the lower portion of the ambient 
array. The standing inf ant can always see K and can always see her feet hiding paits of 
it. This is a law of ecological optics. 

The Glass Floor A floor can be experimentally modified. When the "visual cliff" was 
being constructed for experiments with young animals by E. J. Gibson and R. D. Walk 
(1969), observations were made with a large sheet of glass that was horizontal instead 
of vertical, a glass fl oor instead of a glass wall. The^atiimal %r c'hiM can be put down on 



this surfaee under two condiMsns: when it its vi£Sblei by x^tue of textured paper placed 
just under the glass, and when it is invisible, with the paper placed far below the glass. 
The glass affords support under both conditions but provides optical information for 
support only under fhe first. There is meehanital' contact wi*h (he ftet in btith cases 
but optical information for contact with the feet only in the first. 

The animals or babies tested in this experiment would walk or crawl normally 
when (hey could both see and feel the surface but would not do so when they could 
only feel the surface; in the latter case, they froze, crouched, and showed signs of 
discomfort. Some animals even adopted the posture they would have when falling 
(E. J. Gibsan and Walk, I960, pp. 6S-66). The conclusien seems to W that some animals 
require optical information for support along with the inertial and tactual information 
in order to walk normally. For my part, I should feel very uncomfortable if I had to 
stand on a large observation platform with a transparent floor through whic^ the ground 
was seen far below. 

The optical information in this experiment, I believe, is contradictory to the haptic 
information. One sees oneself as being up in (he atr, bu( one feek oneself in con(act 
with a surface of support and, of course, one feels the normal pull of gravity in the 
vestibular organ. In such cases of contradictory or conflicting information, the psy- 
chologist cann(}( plrfedict which will be picked ifp. The perceptual outcome is uncertain. 

Note that the perception of the ground and the coperception of the self are 
inseparable in this situation. One's body in relation to the ground is what gets attention. 
Perception and proprioception a»e compjfementary. But the commonly accepted theo- 
ries of space perception do not bring out this fact. 

The Visual Cliff The visual clifi experiments of E. J, Gibson, R, D. Walk, and 
subsequently others are very well known. They represented a new approach to the 
ancient puzzle of depth perception, and the results obtained with newborn or dark- 
reared animals were surprising because they suggested that depth perception was 
innate. But the sight of a cliff is not a case of perceiving the third dimension. One 
perceives the affbrdance of its edge. A clifi'is a feature of the terrain, a highly significant, 
special kind of dihedral angle in ecological geometry, a falling-off place. The edge at 
the top of a clifi'is dangerous. It is an ocokiding edge. But is has the special character 
of being an edge of the surface of support, unlike the edge of a wall. One can safely 
walk around the edge of a wall but not off the edge of a cliff. To perceive a cliff is to 
detect a layout but, more than that, it is to detect an tiffordance, a fh^^ve affordance 
for locomotion, a place where the surface of support ends. 

An afibrdance is for a species of animal, a layout relative to the animal and 
commensurate with its body. A cliff is a drop-off that is large relative to the size of the 
animal, and a step is a drop-off that is small relative to its size. A falling-off edge is 
dangerous, but a stepping-down edge is not. What animals need to perceive is not 
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layotit as such but the ailbf<dan6es of the layout, as emphasized in the la^ diapter. 
Consider the difTerence between the edge of a horizontal surface and the edge of a 
vertical surface, the edge of a floor and the edge of a wall. You go over the former 
whereas you can go around the latter. Both are dihedral angles, and both are occluding 
edges. But the meanings of the two kinds of "depth" are entirely different. 

Gibson and Walk (1960; Walk and Gibson, 1961) constructed a virtual clifi with 
the glass-floor apparatus. They tested animals and babies to determine whether or not 
they would go foi"ward over the virtual cliff. Actually, they provided two edges on 
either side of a narrow platform, one a falling-off edge and the other a stepping-down 
edg^ fl^repriate to the species of antmal being tested. The animals' chotees vmre 
recorded. Nearly all terrestrial animals chose the shallow edge instead of the deep one. 

The results have usually been discussed in terms of depth perception and the 
traditional cues for depth. But they ate more ihtellfgible in terms of the perception of 
layout and affordances. The separation in depth at an edge of the surface of suppwrt is 
not at all the same thing as the depth dimension of abstract space. As for innate versus 
learngd percejption, it is much mdH'e sensible to assume an iffitate c'^ad^ to rtolfcie 
falling-off places in terrestrial animals than it is to assume that they have innate ideas 
or mental concepts of geometry. 

Figure 9.4 
The invisibly supported object. 

The real object is held up in the air by a hidden rod attached to a heavy base. The xirtual object 
appears to be resting on the ground where the bottom edge of the real object hides the ground, 
so long as vision is monocular and fr*zen. One sees a concave comer, not an secluding edge. 
Because the vfrteal dtied is at twiigp the disUnce oi the #eal oluect, ft is seen as twice the size. 

Scmn with 
peepliole 




An Object Resting on the Ground I suggested that one sees the contact of his feet 
with the ground. This is equally true for other objects than feet. We see whether an 
object is on the ground or up in the air. How is ttiis contact with or separation from the 
ground perceived? The answer is suggested by an informal experiment described in 
my book on the visual world (Gibson, 1950i), Fig. 72, pp. 178 flf.), which might be 
called the invisibly-supported-ob ject experiment. I did not clearly understand it at the 
time, but the optics of occluding edges now makes it more intelligible. 

A detached object can be attached to a long rod that is hidden to the observer. 
The rod can be lowered by the experimenter so that the object rests on the ground or 
raised so that it stands up in the air. The object can be a cardboard rectangle or 
trapezoid or a ball, but it must be large enough to hide the rod and its base. An 
observer who stands at the proper position and looks with two eyes, or with one eye 
and a normally moving head, perceives a resting object as resting on the surface of 
support and a raised object as raised above the surface of support. The size and distance 
of the object are seen correctly. But an observer who looks with one eye and a fixed 
head, through a paeph^e or with a biting board, gets an entirely different perception. 
A resting object is seen correctly, but a raised object is also seen to be resting on the 
surface. It is seen at the place where its edge hides the texture of the surface. It appears 
farther away and larg^ thaii it F^aHy is. 

This illusion is very interesting. It appears only with monocular arrested vision — 
a rare and unnatural kind of vision. The increments and decrements of the texture of 
the ground at the eiges ^ the object have been eliminated, both those of one eye 
relative to the other apd those that are progressive in time at each eye. In traditional 
theory, the cues of binocular and motion parallax are absent. But it is just these 
inertiilents and decrements sf the ^«iri)^ t«xture ttevt specify %e Mparation of object 
fi-om ground. The absence of this accretion/deletion specifies contact of the object with 
the ground. A surface is perceived to "stand up" or "stand out" from the surface that 
extends behind it &nly to the extent that the gap is speieiiied. And this depends on 
seeing fi-om different points of observation, either two points of observation at the same 
time or different points of observation at different times. 

A fltt sudbce that "goes back to" m ''\im Sat on" the ground will seem to have a 
different size, shape, and even reflectance than it has when it stands forth in the air. 
This feature of the illusion is also very interesting, and I have demonstrated it many 
times. The first pubhshed study of it is that of J. E. Hochberg and J. Beck (1954). 

EXPERIMENTS WITH THE G«OUND AS BAe»e«®1»D 

Investigators in the tradition of space perception and the cues for depth have usually 
done ^Epei^ments -vwifh #backgroitnd ii» dte plane, tbat is, a sur&ce &cing the 
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observer, a wall, a screen, or a sheet of paper. A form in this plane is most similar to 
a form on the retina, and extension in this plane might be seen as a simple sensation. 
This follows from retinal image optics. But investigators of environment piffr*eption do 
experiments with the ground as background, studying surfaces instead of forms, and 
using ecological optics. Instead of studying distance in the air, they study recession 
along the grourtfl. Di jtaiiM as sueii etinnSt be 'SBteh directly but can only be inferred er 
computed. Recession along the groui^ can be seen directly. 

Distance and Size Perception on the Ground Although the linear perspective df a 
street in a painting had been known since the Renaissance, and the converging ap- 
pearance of a parallel alley of trees in a landscape had been discussed since the 
eighteenth century, no one had ever studied the perception of a naturally textured 
ground. Linear perspective was an obvious cue fix distance, but the gradient of density 
»r proximity of the texture of the ground was not so obvious. E. G. Boring has described 
the old experiments with artificial alleys (1942, pp. 290-296), but the first experiment 
with an ordinary textured field outdoors, I believe, was published at the end of World 
War U (Gibson, 1947). A plowed field without furrows receding almost to the horizon 
was used. No straight edges were visible. This original experiment required the judg- 
ment of the height of a stake planted in the field at some distance up to half a mile. At 
such a distance the optical size of the elements of texture and the optical size of the 
stake itself were extremely small. 

Hp kii&M tt*9t tiiWfe the unanimous conclusion of observers had been that parallel 
lines were seen to converge and that objects were seen to be smaller "in the distance." 
There was a tendency toward "size constancy" of objects, to be sure, but it was usually 
ineomplete. The assumption had always been that size constancy must "break down." 
It was supposed that an object will cease to be even visible at some eventual distance 
and that presumably it ceases to be visible by way of becoming smaller, (See Gibson, 
19506, p. 183, for a statement of this line of reasoning.) With the naive observers in 
the open field experiment, however, the judgments of the size of the stake did not 
decrease, even when it was a ten-minute waUc away and becoming hard to make out. 
The judfprenfs betame more *artaMe *lth distance but no* smaller. Size constancy 
did n*t break down. The size of the object only became less definite with distance, not 
snteller. 

The imiiMetttiion of this msult, I now tellie<v«e, k ttiat cs^iain in^ariAif ftttos were 
picked up unawares by the observers and that the size of the retinal image went 
unnoticed. No matter how far away the object was, it intercepted or occluded the same 
number of texture elemetrfs of the ground. This Is an iovarlaiit ratio. For any distance 
the proportion of the stake extending above the horizon to that extending below the 
horizon was invariant. This is another invariant ratio. These invariants are not cues but 
inf ormati«n for direct Size percepti6n. Tfie ofeseive*s in this i^l^rimerfl -Wefm Wi^tion 



trainees and were not interested in the perspective appearance of the terrain and the 
objects. They could not care less for the patchwork of colors in the visual field that had 
long fascinated painters and psychologists. They were set to pick up information that 
wBuW permit a size-mateh between the distant stake and one of a set of nearby stakes. 

The perception of the size and dt^ance of an object on the ground had proved to 
be unlike the perception of the size and distance of an object in the sky. The invariants 
are missing in the latter case. The silhouette Of^n atirplane might be a fifty-foot fighter 
at a one-mile altitude or a hundred-foot bomber at a two-mile altitude. Airplane spotters 
could be trained to estimate altitude, but only by the method of recognizing the shape, 
kftou'iiig the size %t havttig memorized tht v#ngsf*an, ami inferring the distance from 
the angular size. Errors were considerable at best This kind of inferential knowledge 
is not characteristic of ordinary perception. Baron von Helmholtz called it "unconscious" 
inference even in the ordinary case, but I am skeptical. 

Comparison of Stretches of Distance Along the Ground The size of an object on the 
grmind not entii>^ se^ai>)«e from tfn*4i2es of the ebje^ that csinpose th& ground. 
The terrain is made of clods and particles of earth, or rocks and pebbles, or grass 
clumps and grass blades. These nested objects might have size constancy just as much 
as ordio^x objects. In the nmt set of experiments on ground percejitton, the very 
distinction between size and distance breaks down. What had to be compared were 
not stakes or objects but stretches of the ground itself, distances between markers 
placed by the expigfiili^ter. In Ais sasfe dtetSnies between tere and there could be 
compared with distances between there and there. These open-field experiments were 
conducted by Eleanor J. Gibson (Gibson and Bergman, 1954; Gibson, Bergman, and 
Pur*y, li65; Purdy and Gibson, 19SS). 

Markers could be set down and moved anywhere in a level field of grass up to 350 
yards away. The most interesting experiment of the series required the observer to 
fcftect a stretch of distance, which could extend eith^fl-om hiS teefTO-S -mai'kfer or from 
one marker to another (Purdy and Gibson, 1955). A mobile marker on wheels had to 
be stopped by the observer at the hallway point. The ability to bisect a length had 
been tested in the laboratory' with an adjus^bte stick called a Gallon bar hnt not with 
a piece of ground on which the observer stood. 

All observers could bisect a stretch of distance without difficulty and with some 
accuracy. The farther stretch ceuld be matched to the nearer one, alJftou^ the visual 
angles did not match. The farther visual angle was compressed relative to the nearer, 
and its surface was, to use a vague term, foreshortened. But no constant error was 
eWd«it. A stretch (Ftnit ter«> to ttere conld be ftjuatdd with a stretch from there to 
fhere. The conclusion must be that obseivers were not paying attention to the visual 
angles; they must have been noticing information. They might have been detecting, 
without knowing it, the atnount of texture ija a Viffial Haglei The 'ftewiber of grass 
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clumps projected in the farther half of a stretch of distance is exactly the same as the 
number projected in the nearer half. It is true that the optical texture of the grass 
becomes denser and more vertically compressed as the ground recedes from the 
observer, but the rule of e^ual amounts of texture for equal amounts of terrain remains 
invariant. 

This is a powerful invariant. It holds for either dimension of the terrain, for width 
aS'W^l as for depth. In fact, it holds for any regularly textured surface whatever, that 
is, any surface of the same substance. And it holds for walls and ceilings as well as for 
floors. To say that a surface is regularly textured is only to assume that bits of the 
substance tend to be evenly spaced. They do not have to be perfectly regular like 
crystals in a lattice but only "stochastically" regular. 

The implications of this experiment on fractionating a stretch of the ground are 
radical and far-reaching. The world consists not only of distances from here, my world, 
but also of distances from there, the world of another person. These intervals seem to 
be strikingly equivalent. 

The rule of equal amounts ef texture for eqftal amdunts of terrain sugge^s that 
both size and distance are perceived directly. The old theory that the perceiver a//ouJS 
for the distance in perceiving the size of something is unnecessary. The assumption 
ttiat the cues for ^stanct compensate for the sensed smallness of the retinal image is 
no longer persuasive. Note that the pickup of the amount of texture in a visual solid 
angle of the optic array is not a matter of counting units, that is, of measuring with an 
arbitrary unit. The other experiments of this open-fieM Sferies reqitifed the obset-vers 
to make absolute judgments, so-called, of distances in terms of yards. They could learn 
to do so readily enough (E. J. Gibson and Bergman, 1954; E. J. Gibson, Bergman, and 
Purdy, 1955), but it was clear that one had te see the distance before one could apply 
a number to it. 

Observations of the Oround and the Horizon When fhm t«!rnftn is flat and op&n, tli« 
horizon is in the ambient optic array. It is a great circle between the upper and the 
lower hemisphere separating the sky and the earth. But this is a limiting case. The 



Even Spacing 

The fact that the parts of the terrestrial envitwiment tend to be "evenly spaced" was noted in my 
early book on the vi%ial world (Gibson, l9S(Xi, pp, 77-7S). Tigs U e^^rfvalent to the rule of equal 
amounts of texture hr equal amounts of terrain. The &ct SitA'be staled in various ways. However 
stated, it seems to be a fact that can be seen, not necessarily an intellectual concept of abstract 
space including numbers and magnitudes. Ecological geometry does not have to be learned from 
tex^oks. 
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^her stretches of the gfotind are usually hidden by frontal surfaces such as hills, 
trees, and walls. Even in an enclosure, however, there has to be a surface of support, 
a textured floor. The maximum coarseness of its optical texture is straight down, where 
the feet are, and the density increases outward' from ftiis center. These radial gradients 
projected from the surface of support increase with increasing size of the floor. The 
densities of texture do not become infinite except when there is an infinitely distant 
horizon. Only at this limif iS the optical structure of the array wholly compressed. But 
the gradients of density specify' where the outdoors horizon would be, even in an 
enclosure. That is, there exists an implicit horizon even when the earth-sky horizon is 
bidden. 

The concept of a vanishing point comes from artificial perspective, converging 
parallels, and the theory of the picture plane. The vanishing limit of optical structure 
at the borison comes from natural perspe^ive, e^feglcal ftpMcs, and tke theory of the 
ambient optic array. The two kinds of perspective should not be confused, although 
they have many principles in common (Chapter 5). 

The terrestrial horizon is thus an invariant feature df terrestri^ vision^ tS\ invariant 
of any and all ambient arrays, at any and all points of observation. The horizon never 
moves, even when every other structure in the light is changing. This stationary great 

Figure 9.S 

The base of each pillar covers the same amount of the texture of the gitjund. 
The width of each pillar is that of one paving stone. The pillars will be seen to have the same 
width if this information is picked up. The height of each pillar is specified by a similar invariant, 
the "horizon-ratio" relation, described later. 
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circle is, in la^, tikat wM^h-all optical nfrotibns have iwierence, ft Is neither siiljjectK'e 
nor objective; it expresses the f^ciprocity of observer and environment; it is an invariant 

of ecological optics. 

The lw»fton Is the same as the skyline only in-tfia ease of the®pen grottnd or the 
open ocean. The earth-sk>' contrast may diff er from the true horizon because of hills or 
mountains. The horizon is perpendicular to the pull of gravity and to the two poles of 
th* aifrbient array at the centers of the two hemispheves; in short, the horizon is 
horizontal. With reference to this invariant, all other objects, edges, and layouts in the 
environment are judged to be either upright or tilted. In fact, the observer perceives 
/liTfise^'te he in an upright or tilted posture relative to this invariant. (For an early and 
more complex discussion of visual uprightness and tilt in terms of the retinal image, 
see Gibson, 1952, on the "phenomenal vertical.") 

The fects about the terrestrial horizon are scarcely mentioned in traditfoMsl optles. 
The only empirical study of if is one by H. .\. Sedgwick (1973) based on ecological 
optics. He shows how the horizon is an important source of invariant information for 
the perception of all kinds ofobjecte. All terr-estrial objects, for example, of the same 
height are cut by the horizon in the same ratio, no matter what the angular size of the 
object may be. This is the "horizon ratio relation" in its simplest form. Any two trees 
or poles bisected by the horizon are the same height, and they are also precisely twice 
my eye-height. More complex ratios specify- more complex layouts. Sedgwick showed 
that judgments of the sizes of objects represented in pictures were actually determined 
by these ratios. 

The perceiving of what might be called eye level on the walls, windows, trees, 
poles, and buildings of the environment in another case of the complementarity be- 
tween seeing the layout of the environment and seeing oneself in the environment. 
The horizon is at eye level relative to the fum3ture of the earth. But this is my eye 
level, and it goes up and down as I stand and sit. If I want my eye level, the horizon, 
to rise above all the diitter of t*»e environment, I must eNmb up to a high piffcie. The 
perception oChere and the perception of infinitely distant from here are linked. 

EXPERIMENTS 0*i THE PERCEPTION OF SLANT 

Expffrtntfents On the direiiS jjft-eepttBn of layout began rn 1950. From the beginning, 
the crucial importance of the density of optical texture was evident. How could if be 
varied systematically in an experiment? Along with the outdoor experiments, I wanted 
to try indoor experiments in the laborator)-. I did not then understand ambrefit light 
but only the retinal image, and this led me to experiment with texture density in a 
window or picture. The density could be increased upward in the display (or downward 
or rlghtward or ieltward), and the virtual surface would then be p^elited tf> slant 



upward (or downward or whatever). The surface should slant away in the direction of 
increasing texture density; it should be inclined fi om the frontal plane at a certain angle 
that corresponded to the rate of change (Sf d^fftity, the grtdient of density, tvery piece 
of surface in the world, I thought, had this quality of slant (Gibson, 195Qa). The slant 
of the apparent sur&ce behind the apparent window could be judged by putting the 
palm of the hand at the same inclfn^iim from the frontal plane and recording it with 
an adjustable "palm board." This appeared to be a neat psyehophy«ical experiment, for 
it isolated a variable, the gradient of density. 

The first experiment (Gibson 1950la) showed that with a unifarm density over the 
display the phenomenal slant is zero and that with increases of density in a given 
direction one perceives increasing slant in that direction. But the apparent slant was 
not proportional to the geometrically predicted slant. It was less than it should be 
theoretically. The experiment has been repeated with modifications by Gibson and 
J. Comsweet (1952), J. Beck and J. J. Gibson (1955), R. Bergman and J. J. Gibson 
(1959), and many other investigators. It S not a neat psychophysical experiment. 

Figure 9.6 

The invariant horizon ratio for terrestrial objects. 
The telephone poles in this display are all cut by the horizon in the same ratio. The proportion 
diff^s for objects of different heights. The line where the horizon cuts the tree is just as high 
above the ground as the point of observaHon, that Ki, the height of the ohseiver's eye. Hence 
everyone can see his own eye-height on the starfding objects of the terrain. 
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Phenomenal slant does not simply correspond to the gradient. The complexities of the 
results are described by H. R. Flock (1964, 1965) and by R. B. Freeman (1965). 

What was wrong with these ejcperiments? In consideration of the theory of layout, 
we can now understand it The kind of slant studied was optical, not geographical, as 
noted by Gibson and Comsweet (1952). It was relative to the frontal plane perpendicular 
to the line of sight, not relative to the surface of the earth, and was thus merely a n€W 
kind of depth, a quality added to each of the flat forms in the patchwork of the visual 
/leld. I had made the mistake of thinking that the experience of the layout of the 
eiivfronrnent could be compounded of all the optical slants of each piece ef surface. I 
was thinking of slant as an absolute quality, whereas it is always relative. Convexities 
and concavities are not made up of elementary impressions of slant but are instead 
unitary features of the layout. 

The impression of slant cannot be isolated by displaying a texture inside a window, 
for the perception of the occluding edge of the window will affect it; the surface is 
slanted relative to the surface that has the window in it. The separation of these surfaces 
is underestimated, as the experimental results showed. 

The supposedly absolute judgment of the slaitf ef a surface behind a window 
becomes more accurate when a graded (fccrease of veloctty of the texture across the 
display is substituted for a graded increase of density of the texture, as demonstrated 
by Flock (1964). The virtual surface "stands back" fi om the virtual window. It slants 
away in the direction of decreasing flow of the texture but is perceived to be a rigidly 
moving surface if the flow gradient is mathematically appropriate. But this experiment 
belongs not with experiments on surface layout but with those on changing surface 
layout, and these experiments will be described later. 



IS THERE EVIDENCE AGAINST THE DIRECT 
PERCEPTION OF SURFACE LAYOUT? 

There are experiments, of course, that seem to go against the theory of a direct 
perception of layout and to support the opposite theory of a mediated perception of 
layout. The latter theory is more familiar. It asserts that perception is mediated by 
assumptions, preconceptions, expeetations, mental images, or any «f a dozen other 
hypothetical mediators. The demonstrations of Adelbert Ames, once very popular, are 
well known for being interpreted in this way, especially the Distorted Room and the 
Rotating TrapezeMal Windo¥»L 

These demonstrations are inspired by the argument from equivalent configurations. 
A diagram illustrating equivalent configurations is given in Figure 9.7. The argument 
is that many possible objects can give rise to one retinal image and that hence a letinal 



image cannot specify' the object that gave rise to it. But the image, according to the 
argument, is all one has for information. The perception of an object, therefore, requires 
an assumption about which of the many possible objects that couM exist gave rise to 
the present image (or to the visual solid angle corresponding to it). The ar^uiqent is 
supposed to apply to each of a collection of objects in space. 

A distorted room with trapezoidal surfaces can be built so as to give rise to a visual 
solid angle at the point of observation identical with the solid angle fiom a normal 
rectangular room. Or a trapezoidal window with trapezoids for windowpanes can be 
built and made to ft)tate so th^ fts changing visual solid angle is identical with the 
changing solid angle from a rectangular window slanted 45° away fiom the real distorted 
window. The window is always one-eighth of a rotation behind itself, as it were. A 
single and stationary point of observation is taken for granted. An observer who looks 
with one eye and a stationary head misperceives the trapezoidal surfaces and has the 
experience of a set of rectangular surfaces, a "virtual" form or window, instead of the 
actual plywood construction invented by the experimenter. Anomalies of perception 
result that are striking and curious. The eye has been fooled. 

The explanation is that, in the absence of information, the observer has presup- 
posed (assumed, expected, or whatever) the existence of rectangular surfaces causing 
the solid an^es a* the eye. That is reasonable, but it is the** concluded that presup- 
positions are necessary for perception in general, since a visual solid angle cannot 
specify its object. There will always be equivalent configurations for any solid angle or 
any set of solid angles at a point of observation. 

Equivalent ccmfigurations within the same visual solid angle. 

Thiji perspective drawing shows a rectangle and three transparent trapezoids, all of which fit 
within the envelope of the same visual solid angle. Thus all four quadrangles are theoretically 
equivalent f or a single eye at a fixed point of observation. They are, however, ghosts, not surfaces. 
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The main fallacy in this conclusion, as the reader will recognize, is the generali- 
zation from peephole observation to ordinary observation, the assumption that because 
the perspective Structure of an optic array does not specify the surface layout nothing 
in the array can specify the layout The hypothesis of invariant structure that underlies 
the perspective structure and emerges clearly when there is a shift in the point of 
observation goes unrecognized. The fact is that when an observer uses two eyes and 
certainly when one looks fiom various points of view the abnormal room and the 
abnormal window are perceived for what they are, and the anomalies cease. 

The demonstrations do not prove, therefore, that the perception of layout cditnot 
be direct and must be mediated by preconceptions, as Adelbert Ames and his followers 
wanted to believe (Ittelson, 1952). Neither do the many other demonstrations that, 
over the centuries, have purported to prove it. 

The diagram ofequivalent configurations illustrates one of the perplexities inherent 
to the retinal image theory of perception: if many different objects can give rise to the 
same stimulus, how do we ever perceive an object? The other half of the puzzle is this: 
if the same object can give rise to many different stimuli, how can we perceive the 
object? (Note that the second question implies a moving object but that neither question 
admits the feet of a moving obseiver.) Ko8ka was perplexed by this dual puzzle (1935, 
pp. 228 ff.) and many other experimenters have tried to resolve it, but without success 
(e.g., Beck and Gibson, 1955). The only way out, I now believe, is to abandon the 
dogma that a retinal stimulus exists in the form of a picture. What specifies an object 
are invariants that are themselves "formless." 



SUMMARY 

The experiment of pre^ding either structure or no structure in the li^t to an eye 
results in the perception of a surface or no surface. The difference is not between 
seeing in two dimensions and seeing in three dimensions, as earlier investigators 
supposed. 

The closer together the discontinuities in an experimentally induced optic array, 
the greater is the "surfaciness" of the f)erception. This was true, at least, for a 30° array 
having seven contours at one extreme and thii-ty-six at the ether. 

Optical contact of one's body with the surface of support as well as mechanical 
contact seem to be necessary for some terrestrial animals if they are to stand and walk 
normally. 

Perceiving the meaning of an edge in the surface of support, either a falling-ofi 
edge or a stepping-down edge, seems to be a capability that animals develop. This is 
not abstract depth perception but affordanee perception. 
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Experiments on the perception of distance along the ground instead of distance 
through the air suggest that such perception is based on invariants in the array instead 
of cues. The rule of equal amounts of texture for equal amounts of terrain is one such 
invariant, and the horizon ratio relation is another. On this basis, the dimensions of 
things on the ground are perceived directly, and the old puzzle of the constancy of 
perceived size at different distances does not arise. 

The fact of the terrestrial horizon in the ambient array should not be confused 
with the vanishing point of linear perspective in pictorial optics. 

A series of experiments on the perception of the sfetit 6f a surface relative to the 
line of sight did not confirm the s^solpte gradient hypothesis. The implication was that 
the slants of surfaces relative to one another and to the ground, the depth-shapes of 
the layout, are what get perceived. 

Experiments based on the argument from equivalent <eonHgui«fions do not prove 
the need to have presuppositions in order to perceive the environment, since they 
leave out of account the fact that an observer normally movK about, 
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EXPERIMENTS ON THE 

PERCEPTION OF 
MOTION IN THE WORLD 
AND MOVEMENT OF THE SELF 

Evidence for direct visual perception of the persisting layout of the environment was 
presented in ffie last chapter, tertlsfcnce, howevfer, fe only aOiftplemetlt of change. 
Is there evidence to suggest tlrat the perception of changing layout is also direct? 

THE PERCEPTION OF CHANGING 
SURFACE LAYOUT 

Along with the traditional assumption that form perception in the frontal plane is basic 
and simpler to understand goes the assumption that motion perception in the frontal 
jAafte is also basic and snnpler to understand. The fallacy of the retmail (mage and the 
cues for depth underlies the second assumption as much as the first. But the concept 
of retinal motion as a "scratching of the retina with pencils of light, " as I put it (Gibson, 
1968fc), is so deep-lying that it is even harder to get rid of than the concept of retinal 
form. (The retina is a skin for stimuli, a point of light can prod the retina and a moving 
point of light will scratch the retina.) Only gradually and reluctantly did I give it up, 
and only when fereed to io so by experiments. 5(ly present hypSfh^is is that the 
perception of events depends upon nothing less than disturbances of structure in the 
ambient array. I described and listed them in Chapter 6. Disturbances of structure can 
spee^^ events. witiKiut bf^ng titiii/ar to rh«in. 

APPARATUS FOR THE STUDY OF MOTION TN 
THE FRONTAL PLANE 

In order to study a kind of perception, an experimenter must devise an apparatus that 
will display the information for that kind of perception. Until recently, the principal 
types of apparatus devtsied fer the pexeeption of metion were as fallows. 



The Stroboscope and Its Variants The stroboscope is a device that exposes or flashes 
different stationary patterns in succession. Cinematography developed from this device 
(but not television). Since each successive "stimulus" was motionless and #ie retina 
was thus never "stimulated" by motion, the motion perceived was said to be only 
"apparent," not "real." But this assertion is an example of the muddled thinking to 
whi^ the fheOry ef (Stimuli can lead. The sttmuhi^ infbm&tion fer nitrtiOn is the change 
of pattern, and the information is the same i»r an intermittent change as for a continuous 
change. The stroboscope demonstrates only that the motion of an object in the world 
from one place to anether does not have to be copied by a corresponding motion of an 
image on the retina fi'om one point to another in order for the event to be perceived. 
But we sheyld nev^r have supposed in the first place that the motion did have to be 
copied on the retina. 

The Moving Endless Belt A striped or textured surface behind a window in the frontal 
plane can be made to move continuously in a certain direction $ttd at any chosen speed. 
Many experiments were carried out with this device before I realii^d what was wrong. 
The results far speed and velocity, far from being siniple, wej;e comply and puzzling. 
The just-noticeable speed, for example, could not be determin«d, although if motion 
on the retina were a stimulus this variable should have an absolute threshold. Even- 
tually I came to suspect that what^the eye was picking up was not the "motion" of the 
surface relative to the window but the progressive revealing and concealing of the 
elements of the sut:&i«e at the occluding edges of the window (Gibson, 1968b). 

The Rotating Disk Apparatus If a eblor wlieel is made to rotate slowly instead of 
rapidly, the motion of the surface of the disk can be seen. The disk can be displayed 
either behind a circular window or in front of a background. If the observer fixates the 
center of the disk, no eye movements occur to complicate the retinal image, which is 
a circle and its surroundings. But dom this retinal change constitute a motion, as the 
term is understood in physics, » rotai-y spin measuned in terms of degrees of arc per 
second of time? No, it does not. I finait^ came fO urtderstand that the wheel^g of the 
circle in its surrounding is actually ashearing of the tevture of th& array dt the dontour 
of the circle. 

A disk of this sort can also be used as a turntable for a blank circular sheet of paper 
on which forms are.dtawn. Wifh^iCtaliaiBef the disk the forms undergo-vrbital motioii^, 
and sometimes very curisus perceptions result. 

The Disk-and-Slot Apparatus If a spiral line is drawn on such a disk instead of a 
texture, a perception of expansion (or contraction) is induced when the disk is rotated 
slowly. And if it is screened except for a slot, the perception of a thing moving along 
the slot will occur. A. Bichette (IS^ has used thi^ dpv^e ^si^ifjS^ perception of 
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one thing bumping another, lor example. In these cases, the optical motions in the 
array of light from the display are radically difterent fi om the mechanical motions of 
the apparatus that produced them. This radical difl erenee has seemed very puzzlitig fe 
believers in retinal image optics; it becomes intelligible only with the acceptance of 
ecological optics. The perception of what might be called slot-motion with Michotte's 
apparatus is particularly interesting, for it seems tM depend on what happens d^eally 
at the edges of an aperture or window. 

The Method of Shadow Projection Beginning with the Chinese shadow plays of an- 
tiquity, moving shadows have been cast on a screen to induce the perception of moving 
objects or persons. The lig,ht source must be either very small or very distant to make 
the contour of the silhouette sharp. The opaque object, the shadow caster, is properly 
said to be projected on the screen by radiant light, that is. by rectilinear rays. (Note 
parenthetically that the light fi om the screen to the point of observation should not be 
said to be projected, strictly speaking, since it is ambtent light and its array consists of 
visual sfllld angles, n®* rays. But I have not conformed to this strict usage.} Projection 
from a very small, near soaree is polar in that the rays diverge fr om a point. Projection 
from a very distant source like the Sun is paratlel inasmuch as the rays do not diverge. 

With an opaque screen, the radiant light and the ambient array are on the same 
side of the screen and the observer can see the shadow caster. With a translucent 
screen, however, the light to the screen and the array fi'om the screen can be on 
opposite sides, and the observer cannot see the shadow caster. The visual solid angle 
of the shadow surrounded by light constitutes infi)rmation for perceiving an object on 
an empty background, that is, a virtual object seen as if against the sky. 

The shadow caster, an opaque surface or object, can be mounted on a transparent 
sheet and caused to move by the experimenter. Or the mount can be treated so as to 
be opaque in some parts and transparent in others, or to vary from opaque to trans- 
parent. The latter case is essentially that of the photografAde lantern slide. The pro- 
jection of photographic pictures, either singly or in sequence, is in principle no more 
than the casting of shadows on a screen corresponding to the varying opacity of the 
film. 

The motion of the virtual object that an observer sees behind the screen corre- 
sponds to the motion of the shadow caster, but with certain inverse relationships. 
Motion away from the observer corresponds to motion away from the point source of 
light. But the "motion" of the shadow itself on the screen (if it can be called that) is a 
size change, a minification. 

Shadow projection is vastly more ilexibia and powerful than the mthetr #iethods for 
studying the perception of motion. But how to use it for studies of event perception is 
only now beginning to become clear. The art and technology of the "picture show," as 



the man in the street calls it, have become fully and elaborately developed in modem 
times, but without any scientific discipUne on which to base them. The production of 
moving disprlays with "animated" film, and by means of comptrter-controlled motions 
of a cathode ray beam on the screen of an oscilloscope, are both complex elaborations 
of this method of projection (e.g., Green, 1961; Braunstein, 1962a and b). I will return 
to tlie problem of the displaying of optical ifiotions in thie last chapter of this book. 

EXPERIMENTS ON THM KINETIC DEPTH E*PECT, 
OR STEREOKINESIS 

C. L. Musatti (1924) demonstrated many years ago that a drawing composed of circles 
or ellipses that looked flat when stationary would go into depth when it underwent an 
orbital motion on a turntable. Everybody knew that a pair of flat forms having binocular 
disparity would go into depth when they w»e looked at in a stereoscope, but the idea 
df flat drawing being given depth by motion was surprising. Musatti called it the 
ster«)kinetic phenomenon. 



Figure 10.1 

The shadow pfojCbting apparatus set up to show miniRcafioii or magnification. 

In this diagram the displacement ol the shadow caster produces a contraction of the shadow on 
the screen and thus a recession of the virtuaJ object seen by the eye. (From J. J. Gibson, "Optical 
Motions airi Transformations as S^muli for V isual Perception." f^gi^vfid'gMl Review, 1957, 64, 
288-295, Copyright 1957 by the Ameiican Psychological Association. Reprinted by permission.) 

Change in distance 
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The fact seemed to be that certain motions in the frontal plane could generate a 
perception of motion in depth. The idea was that elementary motions on the retina 
could combine to give the experience of a real motion in space, the latter being of an 
entirely different sort from the former. Ten years later, W. Metzger (1934) reported 
what he called "appearances of depth in moving fields," and much later H. Wallach 
desoriised what he called thfe "kinetic depth effect" (Wallach and O'Connell, 1953). No 
one imagined that a moving volume could be perceived directly, the motion and the 
volume at the same time, for they assumed that retinal sensations were the necessary 
basis of perception. 

Wallach's kinetic depth effect is obtained when the shadow of a configuartion made 
of bent wire is projected on a translucent screen and observed fi om the other side. 
Without motion the lines appear flat, as if drawn on the screen. But when the wire 
object is turned the disposition of the wires in space becomes evident. The shift from 
a Bat picture to a moving bent wire is very striking. Why should this occur? Wallach's 
formula was that the flat pattern went into depth when the lines on the screen changed 
in both direction and length concurrently (Walla<Si and O'Connell, 1953). 

This formula is not very illuminating. A better one was being worked out at about 
that time by G. Johansson (1950), to the effect that if a set of several separate motions 
in the frontal plane can be resolved into some single motion of a rigid volume, then 
this rigid motion will be perceived in depth. This formula is reminiscent of one of 
Wertheimer's laws of the supposed organization of sensory elements in the brain, the 
law of "comman fete," whieh says that a collection of spots will be group>ed to form a 
gestalt if they move in the same way, But Wertheimer never said exactly what he meant 
by "the same way." 

Johansson's experiments were carried out at first with moving spots or lines 
projected on a translucent screen. But he later used a set of luminous elements on the 
screen of a cathode ray tube, which could be programmed to move in any direction, 
up, down, rigkt, artd left. Me lise^ vector anali^S to determine the "eommon motion" 
in the cluster of elements. If the motions were "coherent," or if the cluster were 
coherent under motion, the elements would be perceived as an object in depth instead 
of a nren firontal pattern. They would a^ear to be a figidly conmcted set of elements, 
like a three-dimensional lattice in space or a polyhedron of solid geometry. 

The hypothesis that individual sensory elements are grouped or made to cohere 
in this proeess of perception is an axiom «f Gestalt theory, whidt as»imes' tti^t setisations 
are the necessary basis of perception. If it were not for the process of organization, the 
individual sensations of motion would yield individual perceptions of object motion in 
the fronsl jplane. The ^eory of organization with reference to motion is ad^te^ by 
Metzger (1953) as well as by Johansson (1950). But there is another theoretical possi- 
bility, namely, that an optical transformation that is already coherent does not have to 
be made coherent in the process of perception; it is simply picked up. 



EXPERIMENTS WITH PROGRESSIVE MAGNIFICATION 
OR MINIFICATION 

The first results that began to suggest a direct perception of motion in depth were those 
ofW. Schiff, J. A. Caviness, and J. J. Gibson in 1962. A point-source shadow projector 
is used with a large translucent screen six feet square and with the point of observation 
close to the screen. A small, dark silhouette at the center ofthe screen can be magnified 
over an interval of several seconds until it fills the screen. The obsei-ver sees an 
indefinite object coming at him and coming up to his face. He gets an experience that 
might justly be called visual collision. Without any mechanical contact, the information 
for optical contact has been provided, The observer has no sensation of touch, but he 
blinks his eyes and may duck or dodge involuntarily. It seemed to me that this optical 
change, whatever it was, should be considered a "stimulus" for the blink reflex as much 
as a puff of air to the cornea of the eye should be (Gibson, 1957). But it was surely not 
a stimulus in the ordinary meaning of the term. It was an optical expansion or magni- 
fication of an intercept angle toward its theoretical hmit of 180°. This is the visual solid 
angle of natural perspective. 

Experiments showed that the size and the distance of the virtual object were 
indefinite but that its approach was perfectly definite. After the shadow filled the 
screen, the virtual object seemed to be "here," at zero distance. It did not look like a 
shadow on the screen but looked like an object. The object in fact came out of the 
screen. This was enly to be expected, for, by the laws of natural perspective, the closer 
an object comes to the point of observation, the closer its solid angle will come to a 
hemisphere of the ambient array. 

There seemed to be a direct perse^tibn of an event that c@uld be described as 
approach-of'Something This perception was not based on a sensation of expansion or 
enlargement. Observers reported th?t the object did not seem to get larger, as a rubber 
balloon does, and that they did not notice the increasing size of the Aadow as such 
unless the magnification was quite slow. The object appeared to be rigid, not elastic. 

The magnification of the visual solid angle of an objeet normally accelerates as it 
approaches die limit o[ a hemispheric angle, as the object comes up to the eye. The 
accelerated portion of this sequence was called "looming" by Schiff, Caviness, and 
Gibson (1962). It specifies impending colHsion, and the rate of magnification is pro- 
portional to theitmmnence of the collision. SchiS* (1965) adapted the looming apparatus 
to test the behavior of animals. He used monkeys, kittens, chicks, frogs, and fiddler 
crabs. All of them showed avoidance behavior or withdrawal analogous to the ducking 
9t dodging of the human observer. As a control, the ai^als were presented with 
minification of the shadow, the temporal reverse of magnification. The animals showed 
either no response or one that could be interpreted as curiosity, Presumably, what they 
saw was something going away in the distance but nothing, thiil ^HWtWied collision. 
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when the screen was simply darkened (or lightened), the animals did not respond. 
And, of course, the unchanging silhouette on the screen caused no response. 

The flinching of the human observer in this experiment usually extinguished after 
a few repetitions, but that of the animals mostly did not. However, althou^the human 
behavior changed, the human perception did not, that is, the awareness of something 
approaching did not extinguish with repetition. The perception evidently did not 
depend on the learning af a conditioned withdrawal response reinforced by mectianical 
collision. 

In other experiments it was established that when the magniRcation of the shadow 
was not symmetrical but skewed, the animal (a crab) dodged appropriately to the left 
or right, as the path of the virtual object moved to the right or left of the animal's 
position (Schifl, 1965, pp. 16-18). Human obseivers see something approaching but 
approaching a position off to one side instead of the point of observation being occupied, 
and they can judge how far the ghostly object would pass by on the right or left. 
Presumably it is this sort of optical information that one uses in dodging a thrown rock, 
or catching a thrown ball, for that matter. There will be more about magnification in 
Chapter 13 on locomotion. 

The fact that a fiddler crab behaved as if it perceived the same event as the 
vettebftte animals and the htiinftn observers was very suggestive. The craife does not 
have a camera eye or a retinal image, and retinal image optics cannot be applied to it. 
But ecological optics works very well for the compound eye, for it is constructed of 
tubes pointing in different directions (Gibson, 19666, p. 164). 

EXPERIMENTS WITH PBOGRESSIVE 
TRANSFORMATIONS 

In geometry the magnificatfon or minification of a form is sometimes called a size 
transformation (or a similarity transformation). But the ordinary meaning of the term 
is change of form, and the most familiar transformation is a perspective transformation. 
In the theoiy of perspective drawing, artificial perspective, it is called foreshortening. 
It is the parameter of transformation that converts a rectangle into a trapezoid when 
the rectangular surface is slanted away from the frontal plane. If a progressive trans- 
formation was a "'stimulus" for spa«e perception, as I flight (Obson, 1957), then it 
was more fundamental than the kinetic depth effect and I should carry out a proper 
psychophysical experiment with this slant transformation. I was still thinking of slant 
as a tosie'^ariable in the perception of layout, and I sHl) had in rMttd afl the eS!(»Mments 
that had been done on the perceiving of a constant form with varying slant, the puzzle 
of form constancy. 1 was still assuming vaguely that the perceiving of "forms, " whatever 
they were, was basic to other kinds of perceiving. 



So my wife and I collaborated in an investigation of what people see with a 
systematic variation of the amount of foreshortening, using the shadow projection 
apparatus (Gibson and Gibson, 1957). The shadow projected on the screen was either 
a regular form (a square), a regular texture (a square of squares), an irregular form 
(ameboid shape), or an irregular texture (a potato-shaped group of small ameboid 
shapes). Each of these silhouettes underwent cycles of transformation, the shadow 
caster being turned back and forth through an angle that varied from 15° to 70°. The 
observer had to indicate the amount of change of slant he perceived, using an adjustable 
protractor. 

All subjerts wMhtiut exception perceived the changing slant of an unchanging rigid 
surface. It was not an object, to be sure, only the lace of an object, a sheet, but its 
shape was definite and it was not in the least elastic. It simply turned back and forth. 
If one paid attention to it, one could say that the shadow on the screen was squeezed 
or compressed, but not the sheet. There was no difference between the regular and 
the irregular silhouettes in this respect. The angle of the change of slant could be 
judged with considerable accuracy. The regular patterns, hp>i'e%tai, did net show more 



Fgure 10.2 

The shadow projecting apparatus set up to show a slant transformation. 
In this diagram the rotation of the shadow caster produces a perspective foreshortening of the 
shadow on the screen and thus an opposite rotation of the virtual object seen by the eye. (From 
J. J. Gibson and E. ). Gibson, "Continuous Peispective Transformations and the Perception of 
Rffeid .Motion," /gurnaf of-Bil^Fimtnt&l miydiih^, mi, 54, 189-138. Cbpyright 1957 by the 
American Psychological Association. Reprinted by permission.) 
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accuracy than the ircegular, and there was no diffiefence between what I called the 
forms and the t^luffes. 

These results did not fit with the traditional concepts of form and depth perception, 
They were upsetting. They seemed to imply that a certain change of form could yield 
a constant foim with a change of slant, but this surely involves a muddle of thought. 
Evidently, the meaning of the term form is slippery and, if so, it is nonsense to talk 
about form percepten (Gibson, 1951). What emerged over time during the cycles of 
change was a distinctive object. The hypothesis that began to suggest itself was that an 
object is specified by invariants under transformation. Far from being forms, these 
invariants are quite "formless*:; {key are invafiants of structure. Presumably, the four 
different surfaces in this experiment were specified by different invariants under fore- 
shortening, and the different changes of slant were specified at the same time by 
different amounts of foreshortening. 

An optical transformation, then, was not a set of discrete optical motions, nor was 
it a cause of depth perception. It was a single, global, lawful change in the array that 
specified both an unchanging object and its ohanging position, both at the same time. 

THE PUZZLE OF PHENOMENAL RIGIDITY 

It began to be clear that the heart of the problem lay in the perception of rigidity and 
the information to specify rigidity, n»t iti the pefseption of form ^td deiptk C^ld it 
be that certain definable transformations in the optic array were specific to rigid motions 
and that others specified nonrigid motions? More precisely, the hypothesis would be 
that ctttaSn invariants specified ri^dity and that other invariaifts specified elasticity. 
This line of thinking had great promise. The elastic bending of a sheet or stick preseives 
connectivity but not proportionality. So does the stretching of a sheet or stick. But the 
breaking of it does not even preseive connectivity, except in the broken parts. And the 
crumbling of a surface does not even preseive the surface, which, by disintegrating, 
ceases to exist. The invariants in this hierarchy are linked both to the meaningfiil 
substances of the environment and to abstract mathematics. 

What experiments were possible? It was not easy to think of a way to isolate and 
control an invariant. K. von Fieandt and ]. J. Gibson (1959) did a more modest 
experiment. 'Riey presented observers with the transformation of t^n^ressing' followed 
by its inverse, and then the transformation of foreshortening followed by its inverse, 
to see if observers would spontaneously notice the difference and perceive an elastic 
event in the first case and a rigid event in the second case. Ttiey defined stretching as 
change in one dimension only, width or height but not both, as exemplified by square- 
into-rectangle. Foreshortening was exemplified by square-into-trapezoid, as in the 
Gibson and Gibson experiment described above (1957). 



The experimenters projected on the translucent screen the shadow of an irregular 
elastic fishnet, which was stretched on a fi'ame mounted between the point source and 
the screen. One end of the frame could be made to slide inwmi and outward, or the 
whole frame could be turned back and forth. The frame was invisible, and the texture 
filled the screen. The motions of the elements on the screen were very similar in the 
two cases. But observers had no difficulty in distinguishing between the virtual surface 
in the two cases, elastic in the first and rigid in the second. 

Johansson (1964) studied the effects of changing the height and width of a rectangle 
in a highly ingenious way. He generated a luminous figuT« OA oscilloscope screen 
with independent «eatrol of its height and width. He could sketch and then compress 
either dimension in repeated cycles. When both dimensions were increased or de- 
creased at the same time, he got magnification and minification, which yielded clear 
perception of a rigid object approaching and then receding. But he was interested in 
elastic motion. So he made the cycles of changing height and width out of phase. But 
he did not then obtain perceptions of the elastic motions of a variable rectangle as one 
might expect. IiKtead, there was a strong tendency to see a virtual ffictangular object 
with three parameters of rigid motion, not two, an object turning on a vertical axis, 
turning on a horizontal axis, and moving forward and backward, all at the same time in 
different cycles. 

We do not yet know the exact basis for the perception of rigidity-elasticity, although 
research is progressing at both Uppsala in Sweden and at Cornell in the U.S.A. These 
experiments are curious and interesting and have already produced some surprising 
discoveries. 



AN EXPERIMENT ON THE PERCEPTION OF 
SEPARATION IN DEPTH 

What information specifies the connectedness of an object, its unbroken character? The 
gestalt theorists had emphasized the unity or coherence of the parts of a form, but it 
began to be evident that tlie unity or cobeKnce of a mbstantse was a more basic fact. 
How do we see the singleness of a detached object? A single object has a topologically 
closed surface; it is a substance completely surrounded by the medium or, in mathe- 
matical terms, a surface that returns upon itself. The detached object ean be moved 
without breaking its surface. Its substance is separated fiom adjacent substances by air. 
One object becomes two only when its substance has been ruptured. How do we see 
this unbroken connectedness? 

The first experiment to suggest that this basic fact might be specified optically was 
supposed to be an experiment on motion parallax and depth perception but turned out 
to be an experiment on thts pei«^tioa of sa^araMan in de|)th (£. J. Gibson, Gibson, 
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Smith, and Flock, 1959). The point-source shadow projector was set up to throw on 
the screen two random textures intermixed and filling ihe screen Actually, there were 
two transparent sheets of glass, each sprinkled with talcum powder. This kind «fFtextui« 
yields the perception of a surface but not one whose elements are geometrical forms. 
The phenomenal surface is coherent and continuous but without lines, contours, or 
defi nite spots. It looks like the surfiice of a plaster wall or a cloud. 

The two shadow casters could be either motionless or moving. When they were 
both motionless or moving across the window at the same speed, only one virtual 
sur^aoe was perceived. But when there was a difference in speed between the fevo 
optical tentures, a splitting of the surface in two, a separation in depth, resulted. The 
perception was of twoness instead of oneness but not of two forms. It was as if the 
formerly coherent suriace had become layered. The striking fact was that although this 
separation was "in depth" the difference in depth was equivocal. The &ster motion was 

Figure 10.3 

The shadow projecting apparatus set up to show intermixed shadows 
that do not cohere. 

This is a view ii-om above. The two textured sheets of glass iSte itfdit'^ed hy the piriUel ddfhed 
lines. They move together on the same carriage, but their separation can be increased from zero. 
In a unit of time, the shadow at the center of one sheet sweeps through a Certain angle, and the 
corresponding shadow on Ae other sheet sweeps through a different angle, as shovm. TKt' ratio 
of the lesser to the greater visual angle is the inverse of the ratio of the distances of their respective 
sheets from (he point source. 
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not necessarily seen in front of the other, as the law of motion parallax would predict. 
The surface in front had to appear semitransparent, of course, but every now and then 
the front-back relation betweert the snffaefes would sptrntaneousty be reversed. 

Wherein lay the information br this splitting? One half of the interspersed ele- 
ments of texture all moved with one velocity, and the other half all moved with another 
velocity. Hence, there was a permutation (ffthe adjacent order of the texture elements. 
When some caught up with and passed others, the adjacent order was destn)yed. The 
permutation was not complete, to be sure, for each set of elements preserved adjacent 
order, but the original connectivity had been destroyed. Hence, the phenomenal 
continuity of the original surface gave way to the perception of two continuous surfaces, 
the nearest being transparent (E. J. Gibson, Gibson, Smith, and Flock, 1959, pp. 45 
ff.). Thus, the available in(()rmation in an optic array for continuity could be described 
as the preservation of adjacent order, which is to say, the absence of its permutation. 

A permutation of adjacent order is a more radical change than a transformation 
that leaves adjatent order invariant. A size transformation and the rigid transformation 
of foreshortening, as well as the nonrigid transftirmation of stretching, leave order 
invariant. A still more radical change than permutation is possible, however, and this 
was suggested by another experiment. It is a change that subtracts elements of the 
array an one side of a contour or adds them on. 1 have called this change progressive 
deletion or accretion of structure. But this belongs in the next chapter. 

EXPERIMENTS ON THE PERCEPTION 
OF COLLISION 

In Chapter 6 the kind of mechanical event called a collision was described. In the 
simplest case, a collision may be one elastic object such as a billiard ball bumping 
another and causing it to move. Michotte (1963) used the disk-and-slot apparatus to 
study the optical and temporal conditions for this perception. He found, contrary to 
the assertion of David Hume, that the actual "launching ' of one object by another can 
be seen, not just the succession of two discrete moifons. In other words, one gets a 
direct causal perception over and above the kinetic sensations when the time intervals 
fall within certain limits. 

Michotte was concerned with the phenomenology of the causal impression. He 
did not consider the hypothesis that there could be a display of optical information for 
the perception of one object launching another. His results are consistent with that 
hypothesis, however. S. Runeson (1977) has based a series of experiments on it. He 
has studied the perception of two-body linear collisions that vary from elastic to damped. 
In a real collision, the relative velocity difference between the motions before and after 
contact is invariant and specific the nature of the substances. This is what he varied. 
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In his experiments, not only was the collision perceived as such, but the hardness or 
softness of the ob,jects themselves were also. Yet, all the observer could ever "see" was 
a pair of moving patches on the SB-een an oscifloseope. 

Runeson had studied ecological dynamics. He had discovered an informative 
invariant and had controlled it in his display. We shall begin to understand event 
perceptiMi if we follow this lead. 



THE COPERCEPTION OF ONE'S OWN MOVEMENT 

S© far we have been considering the perception of motion in the wartifl. We now come 
te the problem of the perceiver's awareness of his own motion in the world, that is, the 
awareness of locomotion. 

THE DISCOVERY OF VISUAL KINESTHESIS 

In the 1940s, great numbers of students were being trained to fly military airplanes, 
and considerable numbers were failing. It seemed sensible to try and find out whether 
a sttldent could see what was necessary in order to land a plane before taking him up 
and trying to teach him to land it without crashing. One thing he had to see was the 
aiming point of a landing glide, the direction in which he was going. A test was devised 
consisting of a series of motion picture shots wifti a camera dollying down toward a 
model runway (Gibson, 1947, Ch. 9). The teslee had to say whether he was aiming at 
spot i^ B, C, or D, all marked on the runway. This was a test of "landing jadgment," 
and it was the beginning of an inquiry that went on for years. 

It turns out that the aiming point of any locomotion is the center of the centrifugal 
flow of the ambient optic array. Whatever object or spot on the ground is specified at 
that null point is the object or spot you are approaching. This is an exact statement. 
But since I could not conceive of the ambient optic array in 1947, only the retinal 
image, I first tried to state the flow in terms of retinal motion and gradients of retinal 
velocity. Such a statement cannot be made exact and leads to contradictions. Not until 
later were the principles of the two foci of radial outflow and inflow in the whole array 
at a moving point of observation described precisely (Crbson, Glum, and Rosenblatt, 
1^5). 

In the 1955 paper, the authors gave a mathematical description of "motion per- 
spective" in the optic array, for any direction of locomotion relative to a flat earth. All 
optical flow vanishes at the horizon and also at the two centers that specify going 
toward and coming jrom. Motion perspective was mu^ more than the "cob" of jnation 
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parallax. As this had been formulated by Helmholtz, it was «ft more than a rule for 
"drawing conclusions" about the distance of an object, and in any case the rule did not 
hold for an object on the line of locomotion. Motion perspective did not refer to 
"apparent" motions of objects but referred to the layout of the earth. And it "told" the 
observer not only about the earth but also about himself, the fact of his locomotion and 
the direction of it. The focus of outflow (or the center of optical expansion) is not a 
sensory cue but an optical invariant, a nonchange in the midst of change. The focus is 
formless and is the same for any kind of structure, for grass, trees, a brick wall, or the 
surface of a cloud. 

Student pilots see where they are going «Bi the basis of this invariant and get better 
with practice, Drivers of cars see where they are going, if they pay attention. Viewers 
of a Cinerama screen see where they are going in the represented environment. A bee 
that lands on a flower must see where it is going. And ^ flf them at the same time see 
the layout of the environment through which they are going. This is a fact with 
extremely radical implications f()r psychology, for it is difficult to understand how a 
train of sigliats Mating itevvser Ate optic nerve could e»p(ai»lt. Haw could signals have 
two meanings at once, a subjective meaning and an objective one? How could signals 
yield an experience of self-movement and an experience of the external world at the 
same time? How «}uld visual nietie^in sensations get converted int* a^ Stationary envi- 
ronment and a moving self? The doctrine of the special senses and the theory of sensory 
channels come into question. A perceptual system must be at work that extracts 
invariants. Cxteroception and pn'oprioception fiftist be eomplemen^ry. 

There are various ways of putting this discovery, although old words must be used 
in new ways since age-old doctrines are being contradicted. I suggested that vision is 
kines0i^tit in that it registers movements of the body just as muoh as does the muscle- 
joint-skin system and the inner ear system. Vision picks up both movements of the 
whole body relative to the ground and movement of a member of the body relative to 
th% whele. Visual kinesth#sit g6es along with musetilar kinest'hesis. The doctrine that 
vision is exteroceptive, that it obtains "external" information only, is simply false. 
Vision obtains information about both the environment and the self. In feet, all the 
senses db so whan the^ ave ednHtdbi^ed as perce^ual systems {Ctbson, 19@6fc). 

Vision, of course, is 3\so statesthetic, if one wants to be precise about words, in 
that it picks up nonmcvem^nt of the body and its members. But since nonmovement 
ft aclaaillywrily a RrtMWng ciBfe rfiKfen^mewt, th»t#rni kifiestlmis <wrtl do fer both. The 
point is that a flowing and an arrested optic array specif>' respectively an observer in 
locomotion and an observer at rest, relative to a fixed environment. Motion and rest 
are in fatet *bat Sn^bservCr eicp*>i&m;e*-<«4*li flow arid ntfnftow of ihe array. 

Optical motion perspective is not the same as visual kinesthesis. Motion perspective 
is an abstract way of describing the information in an ambient array at a moving point 
of obsiervation. If the information is picked up, botA visial>. layout perception and visual 
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kinesthesis will occur. But motion perspective is analyzed for an ambient array at an 
unoccupied point of observation. In visual kinesthesis, on the other hand, the nose and 
the body Sre visible. There is information for coperceiving the self as well as for 
perceiving the layout. 

Another preliminary point should be made. It is most important not to confuse 
visual kinesthesis with visual feedback, a term that has currency in psychology and 
physiologif today but is not very clear. The term is used with reference to voluntary 
movetnent in connection with the control of purposive action. If a movement is caused 
by a comma'nd in the brfln, the efferent impulses in motor nerves are followed by 
afferent impulses in sensoiT nerves that are actually reafferent, that is, impulses that 
axe fed back into the brain. Feedback, therefore, comes with an active movement. But 
not all movements are active; some are passive, as when a bird is moved in the wind 
or a person is moved in a vehicle. Visual kinesthesis is the same for a passive as for an 
active movement, but visual feedback is absent with a passive movement. The problem 
of the information for a given movement should not be confounded with the additional 
problem of rtie control of movement. Visual kinesthesis Is important in the control of 
locomotion but is not the same thing. It is true that we often need to see how we have 
just moved in order to decide how to move next. But the first question is, how do we 
see how we have just moved? 

The current confiision between kinesthesis and feedback helps to explain why 
visual kinesthesis is not recognized as a fact of psychology. But it is a (act, shown by 
the following experiments on the inducing of the experience of passive movement. 



EXPERIMENTS WITH VISUAL KINESTHESIS 

Until recently, mo^ of the eviden«e absnt induced ego movement had to eome fi om 
motion pictures, or simulators for training, or amusement park devices. The flow of the 
optic array in a glide path can be represented, more or less, in a motion picture 
(Gibson, 1947, pp. 230 fT.); the observer will see Irinftelf moving dewn toward a 
pseudoairfield, however much he is still aware of being seated in a room and looking 
at a screen. With a Cinerama screen, the virtual window may sample as much as l&f 
of the artbient arrant, instead of the mere 20° or 30° of Ihe usual -movie theater, and 
the illusion of locomotion may then be compelling, uncomfortably so. Training devices 
with a panoramic curved screen of 200P from side to side have been used; for example, 
one sHch devlee simulates flight in a h^tedpter, an^ ttw experience cff rising,- flying, 
banking, and landing is so vivid that the illusion of reality is almost complete, although 
the observer s body is always anchored to the floor. .'Attempts have also been made to 
sintulate automobile driving. 



In the best of these displays, the laws of both natural angular perspective and 
motion perspective have been obseI^'ed. The virtual world, the layout of earth and 
objects, appears to be stationary and rigid. Only the observer meves. But if the 
projection system or the lens system that creates the display is imperlicct, stretching 
or rubbery motions of the layout will be seen. Then the nonrigid appearance of the 
environment is not only disconcerting but also often leads to nausea. 

The laws of motion jjerspective for flight over the earth with its horizon can even 
be set into a computer, which then generates a display on a television screen that 
simulates any desired maneuver. Bu* dll these experiments, if they can be called that, 
have been iione in the iiflefefts ^ the aviation industry rather than those of under- 
standing perception, and the reports are found only in the technical engineering 
literature. 

The reader may have observed that what is called a dolly shot in cinematography 
will give the viewer the experience of being a spectator Ii:)llowing behind or moving 
ahead of a character who is walking along. The arrangement of the surfaces and other 
persons in the scene is more vividly given than it is in a Statioimr^ shot. The dolly shot 
is to be distinguished from the panning shot, where the viewer gets the experience not 
of locomotion but of turning the head while keeping the same point of observation. 

The Glhiing Romn Expe-Piment Recently, a lajfooratsry apparatus has been constructed 
for the stated purpose of investigating visual kinesthesis during locomotion and sepa- 
rating it from the kinesthesis of the muscle- joint-skin system and the vestibular system 
(Ushntan and Lee, 1973). The flow of the ambient array is pitiduced by a moving 
enclosure, a room of sorts with walls and ceilings that can be made to glide over the 
real floor since it is hung by its comers fi om a great height barely above the floor. I am 
tempted to ^1 it an invisiMy meving room because, except fbr the floor, there is no 
information for the room's motion relative to the earth. It is a pseudoenvironment. If 
contact of the feet with the surface of support is obscured and if the floor is hidden, the 
illusion of being moved forward and backward Ml ^e mom is compelling. This is 
accomplished by what Lishman and Lee call a trolley, in which flie observer stands (cf 
also Lee, 1974). 

Rotatiom 'of the Body. Swiriging, Tilting, Turning Besides the linear locomotions of 
the body, there are the movements of rotation, which can occur on a lateral axis, a 
front-back axis, or a head-foot axis. The movement of a child in a swing has a component 
of rotation on a lateral axis, like a somersault The movement of tilting sideways is a 
rotation on a front-back axis. The movement of being turned in a swivel chair or of 
turning the head is rotation on a head-foot axis. Pure visual kinesthesis of all these 
rotations can be induced with an tffiiiMibly moving room, that is, by put#iiig1:h#QbserveT 
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in an enclosure, supporting him on an in^conspicuous surface attached to the earth, and 
then rotating the enclosure. 

An amusement park device called the Haunted Swing used to be popufar. A coifjjle 
entered what appeared to be an ordinary room and were seated in a swing hanging 
from a bar running horizontally across the room. The room, not the seat, then began 
to swing on the shaft from which the seat was suspended. When the room eventually 
made a complete revolution, the occupants felt themselves go head over heels. What 
a sensation! It should be noted that the illusion vanished if the eyes were shut, as 
wwid "be expected with visual kinesthesis. An account of the experience and the 
oMginal reference are given hf Gfbfan and Mowrer (1938). 

An experimental room can be made to tilt on a front-back axis, with an observer 
in an upright seat. Tilting rooms of this sort have been built in laboratories, and they 
product^ a large literature some twenty years ago (for e?iamphe, Witkin, 1949). As the 
room invisibly rotates, both one's body and the chair seem to rotate in the room. Some 
part of the experienced body tilt usually remains even alter the room has become 
stationary. This latter fact, ttie feeling of one's posture as-dependent en ho% the visual 
sense and the bodily senses, was what aroused the greatest interest of experimenters. 
The arguments in terms of sensations were inconclusive, however. For a discussion of 
the "phenomenal vertical" in terms of stimuli and cues, see Gibson (1952). 

Finally, an experimental room can be made to rotate on a vertical axis. This is a 
common apparatus in many laboratories, going under the name of an optokinetic drum. 
(See, for example. Smith attd Bojar, 1938). It has usually been thought of as a device 
for studying the eye movements of animals instead of visual kinesthesis, but it can be 
adapted for the human observer. A textured enclosure, usually a vertically striped 
cylinder, is rotated around the animal, whose he«d-eye s^tstem t1ien shows the same 
compensatory movements that it would if the animal were really being turned. Opti- 
cally, although not inertially, it is being turned. Human subjects usually say that they 
feel themselvses being turned. There must be a real surfeee of SMppOrt, howeN^r, and, 
in my experiments, the illusion seemed to depend on not seeing it, or not paying 
attention to the floor under one's feet. You could anchor yourself to that, if you tried, 
and then you beoonte aware of the hidden environment iawtsffrfe tfce r©om. 

What is picked up in these three cases of swinging, tilting, and turning must be 
a relation between the ambient optic array specifying the world and the edges of the 
field oFvtew specifying the self. As already suggested, the upper and lower edge^ of 
the field of view sweep over the ambient array in swinging; the field of view wheels 
over the array in tilting; and the lateral edges of the field sweep across the array in 
turning. These three kinds of in&rnitti#n were descrfbed In Cltapter f . 

It should be noted that, insofar as the three rotations of the body occur without 
locomotion through the environment, motion perspective does not arise and the am- 
bient array does not Sow. The information for the perception ®f layout is thus minimal. 



To speak of the environment being rotated relative to the observer in these cases 
(instead of the body being rotated relative to the environment) would be simply 
nonsense. The environment, in the sense of the persisting environment, is that with 
reference to which objects move, animals move, and surfaces defi>rm. There has to be 
an underlying nonchange if change is to be specified. The principle of the relativity of 
motion cannot be applied to rotation of the body. 

Visual Kinesthesis of the Limbs and Hands Chapter 7, on the optical inftirmation for 
perceiving one's body and its moveftietits, contained a section on the limbs and hands. 
Certain shapes protrude into the field of view, or else the field sweeps down to reveal 
them. If they squirm restlessly and are five-pronged, they specif)' hands. Every ma- 
nipulation is specified by a corresponding change in the five-pronged silhouette. Reach- 
ing, gasping, letting go, plucking, and twisting are controlled by the ongoing optical 
motions that specify them, as I shall emphasize in Chapter 13. 

There are no experiments, however, on this kind of visual kinesthesis. Only so- 
called eye-hand coordination has been recognized, as if sensatiois the eye and 
the hand had to be assoeiated and that were the end of it. 



SUMMARY 

Evidence for the direct perception of changing layout in the environment and evidence 
f()r the direct perception of the movement of the self relative to the environment have 
been summarized. The awareness of the world and the awareness of the self in the 
world seemed to be concurrent. Both event motion in the world and locomotion of the 
self -can be given by vision, the former by a loeal change in the perspective structure 
and the latter by a global change of the perspective structure of the ambient optie 
array, 

The visual perception of rSotion in general has been taken to depend on a set of 
discrete motions of stimuli over the retina, If this is so, an explanation is required of 
how they are made to cohere in the process of perception. Experiments on the 
"grouping" o^pot motion's are inspired' by this requtsemerrt,. as are theories of so-called 
kinetic depth. But if a change in the optic array is already coherent, its tefements do 
not have to be made coherent. 

ExperiAnents wi#i progressive mtgnil^tion and experiments with progressive 
transformation suggested that a coherent change in the optic array could be picked up 
by the visual system. The first kind yielded a direct perception of an approaching object 
and the second kind that sf a turning surface. The percopti'oii 9r%0Sfe two events was 
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vivid and precise. The inrminence ol collision and the angular degree of turning could 
bf judged correctly. 

The virtual object in these experiments did not change size or shape. It was rigid. 
The changing perspective shadows on the screen were not noticed. 

The distinguishing of nonrigid motions such as stretching, bending, and twisting 
seems to be possible along with the perception of approaching and turning. The Uppsala 
experiments show this clearly. 

The perception of the rupturing of a surface by separation in depth seems to be 
jMssible along with the perception of its displacement. This experiment suggests that 
the appeal information (m "surfaciness" is not just the proximity of the units in the 
array, as was implied in the last chapter, but is the nonpermutation of the adjacent 
order of these persisting HtlitS over tiVne. 

Experiments on visual kinesthesis are even harder to set up in the laboratory than 
experiments on visual event perception. One needs a panoramic motion picture screen, 
or a pseudoenvironment like the invisibly moving room, to produce the full illusion of 
passive locomotion. And there is danger of falling into epistemological confiision about 
the real environment. But the evidence is enough to show that the theory of motion 
perspective in the ambient array applies to the awareness of locomotion. 

Moreover, the awareness of swinging, tilting, and turning of the observer s body 
can be induced if an enclosure, a pseudoenvironment, is rotated around the observer 
on the appropriate axis. 



ELEVEN 



THE DISCOVERY OF THE 

OCCLUDING EDGE 
AND ITS IMPLICATIONS 
FOR PERCEPTION 

The facts of occlusion have been described in Chapter 5. They are part of ecological 
optics. But they w«re not recognized as facts until observations and experiments made 
them compelling. The experiments described in the last two chapters about surfaces, 
layout, change, and kinesthesis were radical enough, but they culminated in the most 
radical of all, in what I can only call the discovery of the occAnding edge. This discovery 
is radical for the following reason. If it is true that there are places where opaque 
surfaces are seen one behind another, if it is true that one can perceive a hidden 
surface, a paradox arises. Fbr we art rtot novf alfowed tCi say that a hidden surface is 
perceived, we can only say that it is remembered. To be perceived, a thing must be 
"present to the senses"; it must be stimulating receptors, If it is not, it can only be 
experienced by nwans of an image; it can be recalled, imagineid, conceived, or perhaps 
known, but not perceived. Such is the accepted doctrine, the theory of sensation-based 
perception. If an occluded surface is perceived, the doctrine is upset. 



KAPLAN'S EXPERTMENT 

The crucial experiment, which was performed by G. A. Kaplan (1969), involved kinetic, 
not static, dfsplays of information. Each display was a motion {Picture shot of a random 
texture Blling the screen, with a progressive deletion (or accretion) of the optical 
structure on one side of a contour and preservation of the structure on the other side. 
Photographs of a randomly textured paper were tafeen frame by frame, and successive 
frames were modified by carefijl paper-cutting. No contour was ever visible on any 
single frame, but progressive decrements of the texture were produced on one side of 
the invisible line by cutting off thiti slite's 6f paper in succession. Progressive increments 
of the texture could be obtained by reversing the film. This particular kind of decre- 
menting or incrementing of structure had not previously been achieved in a visual 
dispi^. 



In effect, a reversible disturbance of structure in a sample of the optic array had 
been isolated and controlled, a reversible transition. It is called a transition, not a 
transformation, since elements of structure were lost or gained and one-to-one corre- 
spondence Was not preserved. What was perceived? 

All observers, without exception, saw one surface going behind another (or coming 
from behind another) that was always concealing (or revealing) the first. Deletion always 
cau^ the perception of covering, and accretion always caused the perception of 
uncovering. The surface going out of sight was never seen to go out of existence, and 
the surface coming into sight was never seen to come into existence. In short, one 
surface was seen in a legitimate sense behind another at an occluding edge. 

When the array was arrested by stopping the film, the edge perception ceased 
and a wholly continuous sur&ce replaced it; when the optical transition was resumed, 
the edge perception began. The "motion" of the display as such, however, had nothing 
to do with the occluding edge; what counted was accretion or deletion and whether it 
was on one side or the other. 

These r«suil^ were striking. Thei^werenc umertatnliiss'ef judgment, no guessing 
as in the usual psychophysical experiment. What the observers saw was an edge, a cut 
edge, the edge of a sheet, and another surface behind it. But this depended on an 
array chan^ng in time. 

The surface that was being covered was seen to persist after being concealed, and 
the surface that was being uncovered was seen to pre-exist before being revealed. The 
hidden surfaee could not be <deseribed as remembered in e^e case or expi»<ted in the 
other. A better description would be that it was perceived retrospectively and pro- 
spectively. It is certainly reasonable to describe perception as extending into the past 
and the ftiture, but note that to do so violates the accepted doctrine that perception is 
confined to the present. 

The crucial paper by Kaplan (1969) was published along with a motion picture film 
called The Change from Visible to Invistble: A Study of Optical Transitions (Gibson, 
1968) and an article having the same title by Gibson, Kaplan, Reynolds, and Wheeler 
(1969). .\ sharp distinction was made between going out of sight and going out of 
existence, and it was proposed that there is information to specify the two cases. I have 
described the information in Chapters 5 and 6. The former is a reversing transition, 
but the latter is not. 



ANTICIPATIONS OF THE OCCLUDING EDGE 



The important result of Kaplan's experiment was not the perceiving of depth at the 
occluding adge but the pewaiving of the persistence of the sacluded stiiiiaee. ^epft 



perception requires no departure from traditional thesries, but persistence perception 
is radically inconsistent with them. Only in the experimental work of Michotte had 
anything like persistence perception ever been hinted at (Micbotte, Things, and 
Crabbe, 1964). He discovered what he cafted the "tunnel phenomenon" or the "tunnel 
elJect, ' the perception of a moving object during the interval between going into a 
tunnel and coming out of it. He ascribed it, however, not to progressive deletion and 
accretion of structure for .going in and coming out but to a tendency for perception to 
be completed across a gap, in the style of gestalt theorizing. He did not realize how 
universal occlusion is during locomotion of the obseiver. But he was very much aware 
of the fBr«dox of aKei«ting that an object could be seen during an interval when there 
was no sensory basis for seeing it. The "screening" or "covering" of an object, he 
realized, was a fact of visual perception. But he could only suppose that the perception 
of an object must somehow persist after the sensory in^t ends; ftt di& not entertain 
the more radical hypothesis that the persistence of the object is perceived as a fact in 
its own right. There is a vast difference between the persistence of a percept and the 
perception of perstetence. 

It had long been recognized that in pictures, or other displays with a frozen array, 
the appearance of superposition could be obtained. Likewise, Rubin's discovery that 
a closed contour or figure in a display involved riie appearance of & ground that seemed 
to extend without interruption behind the figure was well known. But these demon- 
strations weie concerned with the seeing of contours and lines and the perceiving of 
forms, not with tke pepceiving^f the occluding edges of surfaces in a cluttered terrestrial 
environment. They showed that what might be called depth-by-superposition could be 
induced by a picture but not that an occluded surface is seen to persist. 

The occluding edge seems to have escaped notice in both physics and psychology. 
In truth, it is not a fact of physics or a fact of psychology as these disciplines have been 
taught. It depends on the combined facts of a surface layout and a point of observation. 



THE THEORY OF REVERSIBLE OCCLUSION 

The theory of reversible occlusion was formulated in Chapter 5 in terms of what I 
called projected and unprojected Surfaces for an ambient optic array at a given time. 
Reversible occlusion was said to be a consequence of the reversibility of locomotions 
and motions in the medium, and this was contrasted in Chapter 6 with the unrever- 
srbifity of chartgte such as disintegration, dissolution, and tlie change %0m a solid to a 
liquid or a gas. These changes, I said, were not such that the waning of a surface was 
the temporal inverse of waxing, not such that if a film of one event were run backward 
it would repnesent the opposite ewent (Gibson and f£a«ishall. 1873|:^ 



THE OCCLUDING EDGE AND ITS IMPLICATIONS 



mi 



Th«n, in Chapter 7 on the self, the principle of reversible oc^hision was exlend«d 
to the head turning of the observer, and the margins of the field of view were compared 
to the occluding edges of a window. The principle is widely applicable. It would be 
useful to bring together all this theorizing and to summarize it in a list of propositions. 

TERMINOLOGY 

The reader should be reminded a^ain that many pairs oFterms can be used to denote 
what I have called occlusion. In what follows, the words hidden and unhidden are 
chosen to have a general meaning (although they have the unwanted flavor of buried 
treasure!). Vnproje^ed and projedted, the t&ms use4 in Chapter 5, arre all righl except 
for the implication of throwing an image on a screen, which gives precisely the wrong 
emphasis. Covered and uncovered are possible terms, or screened and unscreened, and 
these were employed by Michotte. Other possibilities are concealed and revealed, or 
undisclosed and disclosed. All these terms refer to various kinds of occlusion. The most 
general terms are out of sight and in sight, which contrast with out of existence and in 
earfstcnes. It should be kejpf in riilnd that all these terms refer to rewreible transitions, 
that is, to becoming hidden or unhidden, to going out of sight or coming into sight. 
Terms that should not be employed are disappear and appear. Although in common 
use, these words are amblguoiK arid promote sloppy thmking about the psychology of 
perception. The same is tnie of the words cisible and invisible. 

There seem to be a number of different ways of going out of sight, some not by 
occlusion and some by occlusion. The latter always ifivoK'es an occluding edge with 
progressive deletion on one side of a contour, but the former does not. I can think of 
three kinds of going out of sight not by occlusion: first, going into the distance by 
minification of the solid angle to a so-called vanishing point in the sky or on the horiion; 
second, going out of sight in "the dark" by reduction of illumination; and third, going 
out of sight by closure or covering of the eyes. Perhaps going out of sight in fog or mist 
is another kind, but it is similar to loss of structure by darkness (Chapter 4). 1 can also 
think of three kinds of occlusion other than self -occlusion (Chapter 5): first, at the edge 
of an opaque covering surface; second, at the edge of the field of view of an observer; 
and third, for etflestiafl bodies, at the horizon of the earth. As for the going out of 
existence of a surface, there seem to be many kinds of destruction, so many that only 
a list of examples could be given in Chapter 6 on ecological events. 

LOCOl^dTlOSl m A CLUTTtRBt) fi'WVIfidNW'etJf 

The following seven statements about reversible occlusion are taken from Chapters 1 
to 5. 



VISUAL PERCEPTION 



1. The substances of the environment differ in the degree to which they persist, 
some resisting dissolution, disintegration, or vaporization more than others. 

2. The surfaces of the environmeht, Sftnilarly, difftr in the degrt* to which they 
persist, some being transitory and others being relatively permanent. A sur&c-e goes 
out of existence when its substance dissolves, disintegrates, or eviporates. 

3. Oivea an ilTutninated meAum, a surface is unhidden at a fixed point of 
observation if it has a visual solid artgle in the ambient optic array at that point. If it 
does not (but has at another point of observation), it is hidden. 

4. For any fixed point of observation, the persisting layout of the environment 
is divided into hidden and unhidden surfaces Conversely, f»r every persisting surface, 
the possible points of obserratien are divided into those at which it is hidden and those 
at which it is not. 

5. A surface that has no visual solid angle at any point of obseivatioa is neithtr 
hidden nor unhidden. It is out of existence, not out of sight. 

6. Any movement of a point of observation that hides previously unhidden 
sui'fkces has an opposite movement that reveals them. Thus, the hidden and the 
unhidden interchange. This is the law of reversible occlusion for locomotion in a 
cluttered habitat. It implies that after a sufficient sequence of reversible locomotions all 
surfaces will have been both hidden and unhiddea. 

7. The loci of occlusion are those places at which the hidden and unhidden 
surfaces into which a layout is temporarily divided are separated at occluding edges, 
there being two sorts, apical and curved. They are also the fiteiees mjig)m the hidden 
and unhidden surfaces are joined at occluding edges. Thus, to perceive an occluding 
edge of an object, even a fixed occluding edge at a fixed point of obsei-vation, is to 
perceive both the separatien and the junction ©f its far and near surfaces. 



THE MOTIONS OF DETACHED OBJECTS 

Three more statements about reversible occlusion follow; they are taken f*om Chap- 
ter 5. 

8. For any opaque object, the near surface, the temporary "front," hides the far 
sQffice, tl» te«fipt)«ry "baek,** St & fke*d point of observation. The two interchange, 
however, when the object is rotated. The near surface also hides the background of 
the object, if present, but when the object is displaced the parts that go behind at one 
edge come from behind at the other. These tacts can he observed in the film entitled 
The Change from Visible to Invisible: A Study of Bptical Transitions (Gibson, 1968). 

9. For both solidity and superposition, any motion of an object that conceals a 
surface has m fe«etse metien tkat i^mmds it. 
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10. To the extent that the objects of the environment have moved or been 
moved, the near and far sides of evety object will have interchanged many times. This 
holds true over and above the extent to which the observer has moved around. 

HEAD TUR^fING 

Following is the theorem about reversible occlusion when the observer looks areutid 
by turning her head. It is now assumed that the point of observation is occupied 

(Chapter 7). 

11. For any fixed posture of the head, surfaces of the surrounding li^out ace 
divided into those inside the boundaries of the field of view and those outside the 
boundaries of the field, But with every turn of the head surfaces come into sight at the 
leading edge of the field of view and go out of sight at the trailing edge. The observer 
who looks around can thus see undivided surroundings and see herself in the middle 
of them. 

NONPERSISTING SURFACES 

The next theorem is about the unrev^ing destruction and creation of surfaces and the 
unreversing optical tranStiidns that amompasay them (Chapter 6). 

12. The going out of existence of a surface is not the reverse of its coming into 
existence, nor is the disturbance of optical structure that specifies one the reverse of 
the dlstofbaniGe of slriu^ure that spe<Mi5es thre other. Hence, the disapfi^arance of a 
surface by, say, dissolution can be distinguished from its disappearance by occlusion if 
the observer has learned to see the difference between the optical transitions. Such 
evidence as there is suggests that the two kinds ef dteappearance are usually distin- 
guished (Gibson, Kaplan, Reynolds, and Wheeler, 1969). This is not to say that infants 
notice the difference, or even that adults always notice the difference. The difference 
may sometimes be hard to notice, as when a conjurer is playing tricks with one's 
perception. It is only to say that anyone can learn to see the difference. 

The occlusion of a surface can be nullified, whereas the destruction of a surface 
cannot. Occlusion can be canceled by a movement of the boJy, head, or limibs in the 
opposite direction. Destruction, although it can sometimes be remedied, cannot simply 
be canceled by an opposite movement. It seems to me that young children must notice 
the optics! transitions that can be (bus Ti<alhAed dnd those that canitot. How 4^ld they 
fail to pay attention to them? They play peek-a-boo, turn their heads, and watch their 
hands, all cases of reversible occlusion, and they also spill the milk, break the glass, 
and knock down the tower of blocks, things ^aft.«annot he, fevSTSed. But this hypothesis 



has not been tested with babies, because the only experiments carried out are in the 
spirit of rationalism promoted by ]. Piaget, which asserts that children must form a 
concept of persistence or permanence and emphasizes what the children believe instead 
of what they see (for example, Bower, 1974, Ch. 7). 



WHAT IS SEEX AT THIS MOMENT 
FROM THIS POSITION 
DOES NOT COMPRISE WHAT IS SEEN 

The old approach to perception took the central problem to be how one could see into 
the distance and never asked how one could see into the past and the fcture. These 
were not problems for perception. The past was remembered, and the future was 
imagined. Perception was of the present. But this theory has never worked. No one 
could decide how long the present lasted, or what distinguished memory from imagi- 
nation, or when percepts began to be stored, or which got stored, or any other question 
to which this doctrine led. The new approach to perception, admitting the ooperception 
of ^e self to equal status with the pe^eption of the environment, suggests that the 
latter is timeless and that present-past-fiiture distinctions are relevant only to the 
awareness of the self. 

The environment seen-at-this-mement does not constftute the environment that 
is seen. Neither does the environment seen-from-this-point constitute the environment 
that is seen. The seen-now and the seen-from-here specify the self, not the environ- 
ment, Consider them separately. 

What is seen now is a very restricted sample of the surfaces of the world, limited 
to those that are inside the boundaries of the field of view at this head-posture. It is 
e^'en limited to that surfase being fixated at this eye-posture, if by seen one means 
clearly seen. This is at most less than ha^lf of the world and perhaps only a detail of 
that 

What is seen from here is at most the optically uncovered surfaces of the world at 
this point of observation, that is, the near sides of objects, the unhidden portions of the 
ground, the walls, and the bits that project through windows and doors. 

The fact is that, although one can become aware of the seen-now and the seen- 
fi-om-here if one takes the attitude of introspection, what one perceives is an environ- 
ment that surrounds one, that is everywhere equally clear, that is in-the-round or solid, 
and that is ^-of -a-piece. Thll is the experience of what I once called the visual world 
(Gibson, l950fc, Ch. 3). It has vistas that are connected and places that adjoin, with a 
continuous ground beneath everything, below the clutter, receding into the distance, 
out to the h&izm\. 



THE OCCLUDING EDGE AND ITS l.MPLIC.^TIONS 



The stiH'^e being fijeateid now at this momentary eye-posture Is- not a depthless 
patch of color, and the surfaces inside the field of view seen now at this head-posture 
are not a depthless patehwork of colors, for they have the quality that 1 called slant in 
the last chapter. The seen-at-lhis-moment is not the Same, ttafSefof <^ as th§ supposedly 
flat visual field analogous to the colors laid on a canvas by a painter that the old theory 
of color sensations asserted. I once believed that you could with training come to see 
the world as a piotsre, or aknost do so, but I now have doubts about it. That comes 
close tu saying that you can almost see your retinal image, which is a ridiculous 
assertion. 

The seen-f r«m-heri», from ihfe stationary point oP observation, is also not the 
supposedly flat visual field of tradition, for it is ambient. But it might justly be called 
viewing the world in perspective, or noticing the perspectives of things. This means the 



Figure 11.1 

The surfaces viewed now from here by an observer seated in a room. 
At this temporary' eye posture and this femporar>' head posture, the surfai-es projected into the 
retinal image are indicated by solid lines and the remaining surfaces by dashed lines. The 
awareness of the here-and-now suriaces might be called viewing the room as distinguished from 
seeing the coom. This is a vertical section of the observer and his monocular field of view. 




VISUAL PERCEPTION 



natural perspecti\-e of ancient optics, not the artificial perspective of the Renaissance; 
it refers to the set of surfaces that create visual solid angles in a frozen ambient optic 
array. This is a very small sample of the whole world, however, and what we perceive 
is the world. 



PERCEPTION OVER TIME FROM PATHS 
OF OBSERVATION 

it is obvious that a motionless observer can see the world from a single fixed point of 
observation and can thus notice the perspectives of things. It is not so obvious but it 
is true that an observer who is moving about sees the world at no point of observation 
and thus, strictly speaking, cannot notice the perspectives of things The implications 
are radical. Seeing the world at a traveling point of observation, over a long enough 
time for a sufficiently extended set of paths, begins to be perceiving the world at all 
points of obseivation, as if one could be everywhere at once. To be everywhere at once 
with nothing hidden is to be all-seeing, like Cod. Each object is seen from all sides, 
and each place is seien as connected to its nrtghbor. ^he world !S H&< viewed in 
perspective. The underlying invariant structure has emerged fi"om the changing per- 
spective structure, as 1 put it in Chapter 5. 

Animals and people do in fact see the environment during locomotion, not just in 
the pauses between movements. They probably see better when moving than when 
stationary. The arrested image is only necessary for a photographic camera. An observer 
whb is getting around in the course of daily life sees ft'oiti vt«hat I will call a path of 
obseivation. A path does not have to be treated as an infinite set of adjacent points at 
an infinite set of successive instants; it can be thought of as a unitary movement, an 
excursion, a trip, or a voyage. .A path of observation is the normal case, short paths for 
short periods of observation and long paths for hours, days, and years of observation. 
The medium can be thought of as composed not so much of points as of paths. 

It sounds very strange to say that one can perceive an otrject or a whole habitat at 
no fixed point of observation, for it contradicts the picture theory of perception and the 
retinal image doctrine on which it is based. But it has to be true if it is acknowledged 
that one can perceive the emtronment during locomotion. The perception of the 
environment is understood to accompany the visual proprioception of the locomotion, 
of course, and the hypothesis of invariant structure underlying the changing perspective 
strtlttiTre is required for this to be intelligible. These are unfamiliar notions. But the 
notion of ambulatory vision is not more difficult, surely, than the notion of successive 
Snapshots of the flowing opti« array taken by the eye and shown in the dark projection 
room of the skull. 
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THE PROBLEM OF ORIENTATION 

Animals and humans are capable of being oriented to the habitat. This state is the 
opposite ofh^f^ disoriented er "Idit." The rat who can find its- way directly to the goal 
box of a maze is said to be oriented to the goal. If there are many paths to the goal, the 
animal is capable of taking the shortest path. A person, similarly, can learn the way to 
work, to the post office, to the gj'ocery store, and baek "home again through the 
passageways of his town When he can do so in an unfamiliar town, he has become 
oriented in the new habitat. Both animals and humans are capable of homing. More 
generally, -^ey are capable of way^inding. Oi", in stili ©trher 'ieririS', they can do placfe- 
leaming. Observers can go to the places in their environment that have affordances for 
them. If they are human observers, moreover, they may be able to point to these 
places, that is, to indicate their direction from here through the walls or other surfaces 
that hide them. 

Two current explanations of how animals leam to find their way to hidden places 
are the theory of pespowse ehains and the theory of cognitive maps. Neither is a^e«|iiate. 
Way-finding is surely not a sequence of turning responses conditioned to stimuli. But 
neither is it the consulting of an internal map of the maze, for who is the internal 
perceiver to look at the map? The theory of reversible occlusion can provide a better 
explanation. 

An alley in a maze, a room in a house, a street in a town, and a valley in a 
countryside eacli constitutes a place, and a piace often constitutes a vista (Gibson, 
1966fo, p. 206), a semienclosure, a set of unhidden surfaces. A vista is what is seen 
from here, with the proviso that "here" is not a point but an extended region. Vistas 
are serially connected sinee at the end of an alley the next alley opens up; 4t the edge 
of the doorway the next room opens up; at the comer of the street the next street 
opens up; at the brow of the hill the next valley opens up. To go from one place to 
another involves the opening up of tlie vista a'head and clostin^ in of the vista behind. 
A maze or a cluttered environment provides a choice of vistas. And thus, to find the 
way to a hidden place, one needs to see which vista has to be opened up next, or 
which occluding edge hides ttie goal. One visla leads to another in a continuous %et of 
reversible transitions. Note that in a terrestrial environment of semienclosed places 
each vista is unique, unlike the featureless passageways of a maze. Each vista is thus 
its own "landmark" inasmuch as the habitat nevffr chiplicates itself. 

When the vistas have been put in order by exploratory locomotion, the invariant 
structure of the house, the town, or the whole habitat will be apprehended. The hidden 
and the unhidden become otie environment. One can thfen perceive the ground below 
the clutter out to the horizon, and at the same time perceive the clutter. One is 
oriented to the environment. It is not so much having a bird's-eye view of the terrain 



as it is being everywhere at once. The getting of a bird's-eye view is helpflil in becoming 
oriented, and the explorer will look down fr om a high place if possible. Homing pigeons 
are better at orientation than we are. But orientation to goals behind the walls, beyond 
the tf«esv and over the M is ifot just a looking-down-en, and it is certainly not the 
having of a map, not even a "cognitive" map supposed to exist in the mind instead of 
on paper. A map is a useful artifact when the hiker is lost, but it is a mistake to confuse 
the art^et vt^th the ps^hddogical state the arti&ct promdtefs. 

Note that the perception of places and the perception of detached objects are quite 
difierent. Places cannot be displaced, whereas objects can be, and animate objects 
displace themselv<°s. Ptaces merge into S^Jaesnt fthc^es, wheiieas objects have bound- 
aries. Orientation to hidden places with their attached objects can be learned once and 
for all, whereas orientation to movable objects has to be releamed continually. I know 

Figure 1L2 

The opening up ofa vista at an occluding edge, as seen from above. 
This is a plan view of a passageway that opens on a courtyard fi om which another passageway 
leads. As an observer moves along the corridor, the surfaces behind his head progressively go out 
of sight, and surfaces in ii'ont progessively come into sight at one occluding edge and then the 
(Met. The MdSen pSrtioflS of the' ground are indicated hatching, ite hidden pMfiins of the 
walls are indicated by dashed lines. The position of the observer is indicated by a black dot. 
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where the kitchen sink is, I think 1 know where the ski boots are stored, but I don't 
always know where my child is, One can only go to the last known locus of a detached 
object. Hidden objects can be moved without that event being perceived, and the 
unhappy state of the man whose car keys are seldom where he left them is notorious. 

In the pages above I have formulated a theory of orientation to the places of the 
habitat. The perceiving of the world entails the coperceiving of where one is in the 
wofM and of being in the world at that place. This is a neglected fact that is neither 
subjective nor objective. To the extent that one has moved fiom place to place, fiom 
vista to vista, one can stand still in one place and see where one is, which means where 
one is relative to where one might be. One does not need a map wifh a (Arcle on it 
labeled, "You are here." I suggest that this constitutes th« state of being oriented. 



THE PROBLEM OF PUBLIC KNOWLEDGE 

The hypothesis of reversible optical transformations and occlusions resolves the puzzle 
of how, although the perspective appearances of the world are diflerent for difierent 
obs«pvers, ttie^ -nevertheless perceive the same world. Perspective appearances are not 
the necessary basis of perception. 

It is true that there is a difiierent optic array for each point of observation and that 
different dbservers must occupy dtlFerent points at any one time. But observers move, 
and the same path may be traveled by any observer. If a set of observers move around, 
the same invariants under optical transformations and occlusions will be available to 
all. To th@ wctent that the inv^riaats fi-e detested, aU ai&5«!rvers wi'll p^mgive the same 
world. Each will also be aware that his or her place in the world is different here and 
now from that of any other. 

Points, of course, are ge«nietrical concepts, whereas places are ecological la^iits, 
but the above theory can also be put geometrically: although at a given instant some 
points of observation are occupied and the remainder unoccupied, the one set can go 
into the olhw. 

The theory asserts that an observer can perceive the persisting layout fiom other 
places than the one occupied at rest. This means that the layout can be perceived from 
the position of another »bserver. The common assertien, then, that "I can put myself 
in your position" has meaning in ecological optics and is not a mere figure of speech. 
To adopt the point of view of another person is not an advanced achievement of 
conceptual thought. It means, / can perceive siirfaaes hiddlfn at mg prnnt' of vh»^ but 
unhidden at yours. This means. / can perceive a surface tk&tts b^itid another. And 
if So, we can both perceive the same world. 



THE PUZZLE OF EGOCENTRIC AWARENESS 

Psychologists often talk about egocentric perception. An egocentric perceiver is sup- 
posed to be one who can see the world only fi om his own point of view, and this habit 
is sometimes thought to characterize an egocentric person. Egoism is thought to come 
naturally to humans because they are innately aware of their private experiences and 
do not easily learn to adopt point of view of others. This line of thinking now seems 
mistaken. Perception and proprioception are not alternatives or opposing tendencies 
of experience but complementary experiences. 

The sensation-based theories of perception assume that the perspective appear- 
ances of the world are all that a newborn infant is given. They are the data for 
perception. Hence, the young child is necessarily egocentric, and cognitive develop- 
ment is a mitter af progressing fi om subjective sensations to objective perceptions. 
The child's ego encompasses the world, and at the same time she is supposed to be 
confined to the awareness of her fleeting sensations. But there is a reason to be 
suspicious of all these speeul^tiens. The evidence about the earliest visual experiences 
of infants does not suggest that they are confined to surfaces seen-now-from-here, and 
the evidence definitely contradicts the doctrine that what they see is a flat patchwork 
ef color sensations. I therefore suspect thatt the supposed egocentricity of the young 
child is a myth. 



HIDING, PEEKING, AND PRIVACY 

In Chapter Son afibrdances, I described how some of the places of an environment are 
hiding places. That is, they afibrd the hiding of oneself or of one's property from the 
sight of other observers. The phenomenon of seeing without being seen illustrates the 
application of optical occlusion to social psychology. The passage on hiding places in 
Chapter 8 should be reread. 

The perceiving-oToecftided places and objects does occur and can be shared with 
other perceive rs. To this extent, we all perceive the same world. But there is also 
ignorance of occluded things, and if you hide from me your private property, your 
hidea\9ay in ttife hi^s, your secret lover, er tile birthmark on your btrttocks, then you 
and I do not perceive quite the same world. Public knowledge is possible, but so is its 
reciprocal, private knowledge. 

Not only do babies like to play peek-a-boo and children t« play hide-and-seek, but 
animals who are preyed upon hide fi om the predator, and the predator may hide from 
the prey in ambush. One observer often wants to spy upon others, to see without being 
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seen. He peers through a peephole or peeks around the occluding edge of a comer. In 
opposition to this is the striving not to be seen by others, the need for privacy. Burrows, 
caves, huts, and houses afibrd rtot only shelter tmm wind, cold, snd fain but also the 
state of being out of sight, or out of the "pubhc eye. ' 

The human habit of covering the body with clothing whenever one is in sight of 
othets is a inalter of hiding some skin surfaces but not others, depending on the 
conventions of the culture. To display the usually covered surfaces is improper or 
immodest. The providing of some information for the layout of these hidden surfaces, 
however, is the aim of skillful clothing designers. And the careful manipulation of the 
occluding edges of clothing with progressive revealing of skin is a form of the theatrical 
art called stripping. 



SUMMARY 

The demonstration that reversible occlusion is a fact of visual perception has far- 
reaching implications. It implies that an occluding edge is seen as such, that the 
persistence of a hidden surface is seen, and that the connection of the hidden with the 
unhidden is perceived. This awareness of what-is-behind, and of the togetherness of 
the far side and the near side of any object, puts many of the problems of psychology 
in a new light. 

The doctrine that all awareness is memory except that of the present moment of 
time must be abandoned. So must the theory of depth perception. The importance of 
the ftxed point of view in vision is mdueed. But a new theory of orientation, of way- 
finding, and of place-learning in the environment becomes possible. And the puzzles 
of public knowledge, of egocentricity, and of privacy begin to be intelligible. 
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TWELVE 



LOOKING WITH THE HEAD 
AND EYES 



We modern, civilized, indoors adults are so accustomed to looking at a page or a 
picture, or through a window, that we oiten lose the feeling of being surrounded by 
the environment, our sense of the ambient array of light. Even outdoors under 

the sky, one is apt to be driving an automobile and looking only through the windshield, 
or traveling in a vehicle where the window to the outside world is constricted to a 
small angle. ^Me do not look around. 

We live boxed-up lives. Our ancestors were always looking around. They surveyed 
the environment, for they needed to know where they were and what there was in all 
directions. Children pay attention to their surroundings when allsw^~lE) do so. Animals 
must do so. But we adults spend most of our time looking at instead eflooking around. 
In order to look around, of course, one must turn one's head. 



LOOKING AROUND AND LOOKING AT 

The reason why humans must turn their heads in order to look around is that their 
eyes are set in the front of their heads instead of on either side, as they are in horses 
or rabbits. The orbits in the human skull are frontal, not lateral. The horse can see 
most of its surroundings (but not all) without having to turn its head; it can see around 
fairly well without hsving to toc^ around. Thus, an enemy can sneak up on a person 
from behind, sometimes, but the hunter cannot sneak up on a rabbit. It has been 
suggested that animals who are preyed upon need a more panoramic field of view, 
whereas predatory animals such as cats cait afford to have eyes in fhe front of the head 
(Walls, 1942). If has also been argued that the frontal eyes of primates living in the 
trees afibrd better "depth perception," but this argument presupposes the entrenched 
fallacy of depth perception that this book has been at such pains to destroy. Even if 
depth were perceived, it would be another error to assume that the only kind of depth 
perception is "binocular," that is, the kind that rests on binocular disparity. 



With lateral eyes, the blind region behind the animal is minimal, but the overlap 
of the fields of view ahead of the animal is sacrificed. With frontal eyes, the overlap of 
the fields of view ahead is maximal, but the scope ofthe field of view is sacrificed aiid 
the blind region is kr^e. Complete simultaneous ainbteiK% cCpesception is impossible. 
There has to be some gap in the combined field of view simply because the body of the 
animal itself is there, that is, its body is bound to hide some of the surfaces of the 
sumDittndifig «B*iroi»ment. Simultanieeus ambience of perception is wij^essary in aiiy 
case if the animal can always turn its head. There is no need to perceive everything at 
once if everything can be perceived in succession. 

The gap in tlie combia^ field cff View *f the Vfm is that porticJta of ttie aftibient 
optic array filled by the head and body of the observer himself. It is a visual solid angle 
with a closed envelope, a closed boundary in the array that specifies the body. It has 
a nteaniti^ sstA it carries ihfortfiati«n. I have already made this feint ak sonie ^Ivngth 
in Chapter 7 on the self. The portion of the environmental layout that is hidden by the 
body is continually interchanging with the unbidden remainder as the head tunis and 
the body moves. 



Figure 12.1 

The htera) eyes of a horse and tiie frontal eyes of a man ami the respectiv* fields of 

view approximately. 
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The difference between the way a horse perceives its environment and the way a 
human does is therefore not so profound as you might assume. The blind region caused 
by the head and body of the horse is a small part of the ambient array, whereas the 
blind region caused by the head of a human is a large part, in fact, a visual solid angle 
of about 18(f , appro.ximating a hemisphere of the array. But it is not actually a blind 
region, of course; it is the head, A small turn ofthe head enables the horse to see what 
is behind, and a large turn of the head enables a person to see what is behind, but in 
both cases the observer sees himself in the middle of an environment. Are you doubtful 
that a horse can see itself? Why shouldn't the horse see itself just as much as the human 
does, il vision yields proprtoo^jtwn af 'well as extemception? The hosie's Mind area is 
differently shaped than the human's — the boundaries of its field of view are different — 
but the blind area means the same thing to the horse as it does to the human. 
Egoveception and ejttapeeeptidn art- ifisiepaA-afele kinds* of ofperfente. The seeing «f 
oneself is not a complex intellectual experience but a simple primitive one. The 
orthodox dogma that no animal but the human animal has setf-consciousness is surely 
false. 



WITH WHAT DOES ONE SEE THE WORLD? 

We human observers take It for granted that one sees the environment with one's eyes. 
The eyes are the organs of vision just as the ears are the organs of hearing, the nose 
is the organ of smeUing, the mouth is the organ of tasting, and the skin is the organ of 
touching. The eye fs cortsrteri&d t© be aw instrufhefrf of tine mind, or an organ of the 
brain. But the truth is that each eye is positioned in a head that is in turn positioned 
on a trunk that is positioned on legs that maintain the posture of the trunk, head, and 
eyes relative to the surface of suppert. Vision is a whole perceptual system, not a 
channel of sense (Gibson, 1966fc). One sees the environment not with the eyes but 
with the eyes-in-the-head-on-the-body-resting-on-the-ground. Vision does not have a 
seal fti the body i¥i the vkty that the mind has keen tho^^ Is be ^iMted in the bra'in. 
The perceptual capacities of the organism do not lie in discrete anatornical parts of tht 
body ljut he in systems with nested functions. 

Even Sb, it might be argaed, oile surety looks with the eyes even tftJne does nBf 
see with the eyes. But looking with the eyes alone is mere looking at, not looking 
around. It is the scanning of an object, a page of print, or a picture. One also looks 
wi^ the head, not just with the eyes, more exactly with the head-eye sysWfti; IB I said 
at the outset. 

The exclusive concern with eye turning to the negl«ct of head turning is one of 
tlie deep errors of the snapshot theory of vision and goes b<eck at least a century: 
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Helmholtz asserted in Pltysitohgical Optics that "the intent of vision is to see as 
distinctly as possible various objects or parts of aJi object in succession. This is accom- 
plished by so pointing the eyes that an image of the given object is projected on the 
fovea of each retina. The govenring of the ocular movements is wholly subordinated te 
this end; both eyes are adjusted and accommodated together so as to permit this light 
absorptive pointing. Any . . . eye movement not having for its end the attaining of 
distinct imagii^ of an sb'jeet canirot be performed" (Helnrholtz, trans. 1925, p. 56). He 
assumed that objects and parts of objects are what we perceive and that these are 
limited to objects in the fixed field of view. He would be astonished at the assertion 
that a man perceives his surroundings, including the tnvirenment behind his head, for 
that is not "the intent of vision." 



THE AWARENESS OF THE ENVIRONMENT 
AND THE EGO 

Despite what Helmholtz said, some psychologists have insisted that a man is aware of 
the environment behtnd his head. Koffka was one who did so. Phenomenal space, he 
said, extends to the sides; yonder is the wall of the room and there are walls to the 
right and left, but phenomenal space also extends behind. You would be vividly aware 
of the space behind if the edge of a cliff were there. "Behavioral space does not confront 
me but encloses me. What is it that lies between the "in front" and the "behind"? It 
is, he says, "just that phenomenal object we call the Ego." It is a segregated object, 
like others in phenomenal space (Kofflca, 1935, p. 322). It is only a step from this 
description to the theory that the head and body of the observer hide the surfaces of 
the world that are outside the occluding edges of the field of view. KoHka made no 
reference to head turning and failed' to rgedgnlze tile inttwehange of the hidden and 
the unhidden, and that is an important step, but he did recognize a fact of perception. 

When I distinguished, years ago, between the visual field as one kind of experience 
and the visual world as a radically different kind (Gibson, 195%, Ch. 3), I was elabo- 
rating on Koflka. The visual field, I suggested, consists of a patchwork of colors 
something like a picture, whereas the visual world consists of familiar surfaces and 
objects Orie behind anbfher. TM vStuM field has boundaries, roughly oval in shape, 
and it extends about ISCf fiiom side to side and about 14Cf up and down. The boundaries 
are not sharp, but they are easily observed when attended to. The visual world, 
however, has no such boundaries; it is unbounded, like the surface of a sphere extending 
all the way around me. The visual field is clear in the center and vague in the 
periphery — that is, less definite toward the boundaries — but the visual world has no 
such center of definition and is evtvyv^ere clear, ova) BviHtiaFles of ^e wsual 
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field sweep across the array whenever I turn my head and wheel over the array 
whenever I tilt my head, but the visual world is perfectly stationary and always upright. 
The patchwork of the v^ual field deforms as I move and, in particular, flows outward 
from a center when I move in the direction of that center, but the phenomenal surfeices 
of the world are always perfectly rigid. 

The visual field is a special kind of exp«rienee that can arise from a sample of the 
ambient array taken with the head and eyes fixed. In its purest form, the visual field 
arises with a single fixed eye. The visual world is the kind of experience that arises 
naturally from the whole ambient array vAien one is looking around and looking with 
two eyes «t two slightly different points of obseivation. The field of view of the two 
eyes is ^ sort of mixed cross-section of the overlapping solid angles registered by the 
eyes. The field of one eye would correspond to a plane picture cutting the solid angle 
for that eye. It would correspond in the sense that a faithful picture could be substituted 
for the angular sample so as to yield almost the same phenomenal experience. But the 
visual world is a kind of experience that does not correspond to anything, not any 
possible picture, not any motion picture, and not even any 'panoramic ' motion picture. 
The visual world is not a projection of the ecological world. How could it be? The visual 
world is the outcome of the picking up of invariant information in an ambient optic 
array by an exploring visual system, and the awareness of the observer's own body in 
the world is a part of the experience. 

The awareness of "out there" and of "here" are complementary. The occluding 
boundaiy of the field of view constitutes "here." The content and details of the field of 
view are "out there," and the smaller the detail the farther away it is. 

THE VISUAL EGO 

Ecological optics distinguishes between an unoccupied fioint of observation in the 
medium and an occupied point (Chapter 7). The former is a position where an observer 
mtg/if be situated and the latter is a position where an observer is situated. The ambient 
optic array is then njterad, for it includes a solid angle fill^ by the observer, having 
a boundary that is unique to the observer's particular anatomy. It is called the blind 



Terminological Note 

I should never have entitled my 1950 hook The Perception of the Visual World, Ibr it has promoted 
confusion. A better title would have been The Visiiai Perception of the World. The term visual 
umrld should be reserved ibr the awareness of the environment ofa&Ried tty «SSl>ri. 
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region in physiological optics. But it is blind only for exteroception, not for propri- 
oception. It looks like oneself. Its shape depends on the shape of one's nose, the shape 
of one's head, and the shape of one's limbs. It is altered when a person puts on 
eyeglasses or when a horse is made to wear blinders. Thus, whenever a point of 
observation is occupied, the occupier is uniquely spaciiied. whether adult or child, 
monkey or dog. 

An observer perceives the position of here relative to the environment and also 
his body as being here. His limbs protrude into the field of view, and even his nose is 
a sort of protuberance into the field. Undoubtedly, the length of a man's nose deter- 
mines how he sees himself. (Consider the ego of a baboon in this respect, and think 
what the ego of an elephant would be!) For us, the nose is the leftward edge of the 
right eye's field of view and the rightward edge of the left eye s field of view. Hence, 
it yields a kind of subjective sensation called a double image in the theory of binocular 
vision, in fact, the maximum limit of crossed diplopia. It would therefore be a theoretical 
zero for the dimension of distance from here. 

Since the otcuptod point of obsenration is wormally a moving position, not a 
stationary one, the animal sees its body moving relative to the ground. It sees that part 
of the enviironment toward which it is moving; it sees the movements of its feet, 
restive to its botJy and also over the ground. When it looks around during locomotion, 
it sees the turning of its head. The.^e are all cases of visual kinesthesis, 

THE PERSISTING Efc'VIROH-MENT: PEBSHSTlNeS, 
COEXISTEItCE. AND CONCURRENCE 

To say that one is aware of the environment behind one's head is to say that one is 
aware sf the persistence of the environment. Things go out of sight and come into sight 
as the head turns in looking around, but they persist while out of sight. Whatever 



The Ikfobmation fob Persistence 

The perCiei\'fng of the persistence of the tfnvftbnment is not, of coarse, an achievement of the 
visual system alone. It is a nonmodal fonn of perception, cutting across the perceptual systems 
and transcending the "senses. ' Touching and listening accompany looking. The young child who 
goes for a walk and looks around at the strange wide world can cling to the mother's hand, 
confirming her persistence while she is temporarily out of sight. Similarly, the persistence of the 
mother when she goes around the comer, or goes out oflsi^t in the dark, Is confirmed hy hearing 
her voice. The information tn specify' the continued existence of something may be carried by 
touch or sound as well as by light. Incessant stimulation is not necessary for the perceiving of 
persistence. 
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leaves the field as one turns to the ri^t re-enters the field as one tiiriw to the left. The 
structure that is deleted is later accreted; this is a reversible transition, and therefore 
the structure can be said to be invariant under the transition. To pick up the invariant 
is to perceive the persistence of a surface, so my argument runs. If this is true, there 
is no need to appeal to a coneept of "object permanence" or to any theory of how the 
concept might develop. 

To perceive the persistence off surfayes that are out of sight is also to perceive their 
coexistence with those that are in sight. In short, the hidden is continuous with the 
unhidden; they are connected. 

Separated places and ob,^^s are percflived to coexist. This means that separated 
events at these places are perceived to be concurrent. What happens at one end of a 
corridor is seen to co-occur with what happens at the other end, even though one must 
look back and forth between the two. Different concurrent events, thus, can be sampled 
in succession without destroying their concurrence, just as different coexisting places 
can be sampled in succession without destroying their coexistence. 



HOW DOES THE ETE-HEAD SYSTEM WORK? 
OUTLINE OF A NEW THEORY 

Looking-around and loeking-at are acts that naturally go tt)giither, but they can be 
studied separately. In fact, looking-at has been studied almost exclusively by visual 
physiologists. What they have recorded and measured are so-called eye movements, 
that is, movements of the eyies relative t& the head. The Itea^ is usually fixed in an 
apparatus. The eyes are then allowed to scan a display of some sort within the field of 
view of the stationary head, a pattern of luminous points in the dark, or a line of print 
on a page, or a picture. The eyes rotate in rapid jurtps %fom one fixation to another, 
and these are called saccadic movements. In terms of the retinal image theory, the 
fovea of each retina is moved so that an image of the particular "object of interest" falls 
on the retinal point of highest acuity where (he phWbreceptors, the cones, are most 
densely packed together. The anatomical fovea corresponds to the psychological "center 
of clearest vision." The fine details of the optical image are said to be best "resolved" 
at the fovea. All this is implied in the quotation (vom H^nhdltz, above. 

THE RECOGNIZED TYPES OF EYE MOVEMENT 

There are other kinds of ocular movements besides scanning, however, and the ac- 
cept^ classifi@ation goes batik to E> t}oi§e il9i^ who was th6 first investigatdt to 
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record and measure them by photography. They have since been studied with ever- 
increasing ingenuity and precision, but Dodge's list has never been challenged by 
physiologists. He never doubted the eye-camera analogy; he only forced us to consider 
that the eyes were movable cameras at the ends of flexible cables leading to the brain. 
The list is approximately as given below, 

1. Fixation : Not strictly a "movement," fixation is nevertheless an important kind 
of ocular behavior. It should be called a posture of the eye, a pointing at. 

2. Saccadic movement: A saccadic movement is a rapid rotation of the eyeball 
from one fixation to another. It has long been taken for granted that the movement is 
a response of the eye muscles to a stimulus at the peripheiy of the retina such as to 
bring that stimulus to the center of the retina, the fovea. But I shall challenge this 
assumption. 

3. Pursuit movement: This kind of movement is said to be fixation of the eye on 
a moving object in the world, ofien nowadays called tracking. It is much slower than 
a saccadic movement. 

4. Convergence and divergence: Convergence is the inward rotation of each eye 
so as to permit both eyes to fixate on the same near t^jeet. Divergence is the opposite, 
a return of the ocular axes to parallel so as to permit both eyes to fixate on the same 
distant object. In retinal image optics, it is assumed that these movements occur so 
that the two sinrikr but mOte &t less dispafdte Inmges of the object citi be "ftised" in 
the brain to yield a single phenomenal object with depth. They are said to be governed 
by what is called a^sion reflex, but this is not consistent with the notion of a reflex as 
a response to a stimmlus. Note that in both saceadie and pursuit movements the two 
eyes fixate together and rotate together as if they were linked. They are said to be 
conjugated. But they rotate in opposite directions during the vergence movements. All 
three types of fnovement, howe^e)-, can be said to work in the interest of fixaMn. 

5. Compensatory movement: This movement is quite different from the others. 
Like them, it is a rotation of each eye in the head but in precisely the opposite direction 
from that of the head, and to exactly the same degr«e. It mmpensates for the turning 
of the head. Thus, it is a nonmotion of the eyes relative to the environment, a posture, 
like fixation. Anyone can note how exact this compensation normally is by looking at 
one eye in his mirror image and then moving his head airound, left and right, up and 
down; the eye never swerves fi om its fixed orientation in space. It is as if anchored to 
the environment. When the head starts, the eye starts; when the head stops, the eye 
stops. 

If #ie head turns threngh an angle toe great for compensation, the eye jumps 
rapidly to a new orientation and holds it. Thus, a man on a mountaintop who turns 
around completely, taking several seconds for the act, keeps his eyes anchored to the 
dual ambient arraty for the whole period except for a small part ef the tiifie, tiQtaling 
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only a fr action of a second, during which the jumps have occurred. This is what happens 
in "looking around," and the result is a vivid perception of the whole environment. 
This is the natural exploratory activity of the visual system. 

What experimenters do, however, is to put the subject in a rotating chair and turn 
him passively- In this unnatural situation a reflex response of the eyes is aroused to the 
stimulus of acceleration in the semicircular canals of the inner ear. It is called nystag- 
mus. The compensatory turning of the eyes Aen has a eertatil lafen«y; it d©es not begin 
with the turning of the head as does the compensatory turning of the eyes with an 
active head movement. The latter is not a reflex to a stimulus but a coordination, The 
head turning and the eye turning are concurrent movements of a single act. The active 
turning of the head involves the opposite turning of the eyes in much the same way 
that the contracting of the extensor muscles of a limb involves the relaxing of the flexor 
muscles. The neck muscles and the eye muscles awe innervated at the same time, 
reciprocally. But the passive movement of the eyes in response to a passive movement 
of the head has received by far the most attention fiom experimenters, Physiolo^sts 
are preoceupied with reflexes to stimuli, pit>bably because they assume that reflexes 
are basic for behavior. 

Experiments on ocular nystagmus with passive rotation often bring about a kind 
of disorientation of the eyes to t^e environment calle<d vertigo. Af\fer stopping such 
rotation, the eyes will compensate for a nonexistent turning of the head. The experi- 
menter has overstrained the capacity of the system. The obsei-ver reports that the world 
seems to be gdtng around and usually that he feels as if his body were also being 
rotated These two experiences are inconsistent. He usually just says that he is dizzy. 
He is at any rate disoriented to the environment; he cannot point to things, he will 
stagger, and somtimes fafl down. I have described the limitations of the vestibular 
apparatus in my chapter on the basic orienting system (Gibson, 1966fc, Ch. 4.). The 
study of dizziness, however interesting and important for neurology, tells us nothing 
about the normal working of the eye-head system. I would eskpkin it by saying that the 
normal eomplementarity of exteroception and pi^prioception has broken down. 

A RECONSIDERATION OF EYE MOVEMENTS 

E^logieal optics as distinguished fi-em e^ball optics calHs fttr a re'-examination of the 
traditional eye movements. We must consider how the visual system works, not just 
how the eyes move. Eyeball optics is appropriate for visual physiology and the pre- 
scribing of eyeglasses but not for the psychology of visual peiiceptSon. 

Fixation The prolonged fixing of the eyes on an "object or part of an object." the 
bringing of its image to the fovea and keepidg tt th^j does not xjcmr in life. It is a 
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labordftery ^ifice, brought about when an experimenter tells an observer to stare at 
a '"fixation point" that is usually of no interest to her. No one stares at a fixed point in 
the world for long unless she is so preoccupied that she is actually not seeing what she 
looks at. Seewing exceptions arise in the aiming of a rifl^ or the threading of a needle, 
but these are actually cases where different objects are aligned, not where a single 
object is fixated. The eyes normally search, explore, or scan, and there are seldom 
fewer than Several saccadic jumps pei* second. They look at but do not_^3ta(e. 

Even when fixation is artificially prolonged in the laboratory, it turns out not to be 
pure fixation, a steady posture. The eye is never literally fixed. It undergoes a series 
of miniaKiK movements or micr«8acoades. The recording of such eiye movements has 
become very precise in recent >-ears, and the evidence now suggests that looking at a 
tiny thing consists of making tiny movements. If so, looking is always exploring, even 
so-called fixating. On the smallest scale, the eyes could never be perfectly steady, for 
the eye muscles that control their posture undergo tremor and the eyes tremble in the 
same way that the hand does when you hold it out. There does not seem to be any 
clear separation between Wge saccadbs, smaW sacaades. microsaccad^s, and tremor. 
Perhaps the general conclusion should be that an eye-posture is nothing but nwoements 
that are oery small. 

This conclusion is consistent with my conception of the ambient optic array. It 
consists of adjacent visual solid angles that are nested, each solid angle having its base 
in a feature or face or facet of the environmental layout, the features being themselves 
nested in superordinate and stibordinate units. The eyes can explore the large details 
of large solid angles. A nd the eye-head system can explore the hemispheric solid angles 
of the sky and the earth or of the mountains to the east and the valley to the west, We 
perceive a large mural paisting wtth sweeps of the eyes. We perceive a page of print 
with small saccades. And one puts a thread into the eye of a needle with the tiniest 
saccades of all. 

Saccadic Movement The jump of the eyeball fiom one fixation to another, it seems, 
can vary from an angle of many degrees to one of a few minutes of arc or less. So, just 
as there is no pure fi'xation, there is also no pure movement. There are postures of the 
eyes that are relatively stable and movements of the eyes from one such posture to 
another, but they grade into each other. Moving and fixating are complementary. They 
ccJTnbir* in (he act af sdStining. 

It is certainly a fallacy to assume that a saccadic movement is a response to a 
'"stimulus " on the peripher>' of the retina that brings it to the fovea. There are no 
stimuli in an opHc array. That assumption comes fmm experiments in which a point of 
light is flashed on in utter darkness, the eyes then turn so as to Ibveate it, but this 
experimental situation does not apply to everyday vision. Visual physiologists, however. 



presuppose an array of stimuli and assume that a locahzing movement, a "fixation 
reflex," tends to occur for each retinal point when it is stimulated. 

It i^ also a fallacy, if a little more plausible, to assume that i series of fixations is 
a series of acts of selective attention to the different objects in the world. Each fixation 
would then be a centering of foveal attention on one object to the exclusion of other 
objects. Each saccade must then be a movement of attention frotn one object to another. 
But the truth is that attention is not only selective, it is also integrative. Attention can 
be distributed as well as being concentrated. The awaseness«f details is not inconsistent 
with the awareness of wholes. Each in £tet iwplies the other. One can perfectly well 
pay attention to some aspect of the environment that extends over a large angle of the 
ambient array, such as the gradient of the ground that goess all the way from one's feet 
out to the horizon. Hence, a whole series of fixations can be a single act of attention. 

Pursuit Movement Not just a fixation of the eyes on a moving object in the world, 
pursuit movement is also, and usually, an adjustment of the ocular system to the 
flowing ambient aniay during locomotion of the obsetver. The centriliigai outflow of 
the optic array from the direction in which one is travehng must be attended to in 
order to see where one is going, and in order to control one s locomotion. The eyes are 
pointed at one element of the flowing array so that all the other elements of the flow 
pattern that fall into lawful relationships to it can be picked up. This is what happens 
when you drive your car down the road: your eyes fix on a piece of the layout and track 
it downward, then jump ahead to a flew piece. These drifts and jumps are somewhat 
similar to the compensatory nystagmus with head turning, but the drifts during loco- 
motion are not the same as the drifts during compensation. 

Convergence and Divergence Retinal image optics assumes that if one object in space 
has an image in each of the two eyes the two images have to be fused into one picture 
in the brain. It iiirther assumes that convergence or divergence of the eyes somehow 
works in the interests of this fusion process. If the physiological images were not 
combined or unified, we should see two objects instead of one. Ecological optics makes 
no such assumptions, rejecting the v^ idea of a physiological Knag^ ti^smitted to 
the brain. It supposes that two eyes have no more difficulty in perceiving one object 
than two hands do in feeling one object, or than two ears do in perceiving one event. 
The dual ocular system registers both the matching ®f structure between the optic 
arrays at the difierent points of observation of the two eyes and the perspective 
mismatch of their structure, both the congruence and the disparity, at the same time. 
The two eyes are not two channels ef SAnsation but a singh c^ste^m. Tlte converging 
and diverging of the eyes presumably work in the interests of picking up the congru- 
ity/disparity information. 
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Note that two arrays could not possibly be f used in the sense of being united in 
one looation. Neither could two optical images be mixed or combined. They do not 
need to b&. The fallacy of the traditional theor>" comes from supposing that two 
fii^siottigical images have to be fused in Ae brain, as if one picture were picked up 
and superposed on the other and then opmpaced. in the manner of a photographer 
who pets one transparent film on top of another and looks to see if they mitch. The 
error is to assume that a unitary mental image can only arise from a unitary brain 
image, a process in the brain that occurs in one locus. 

The human binocular system extracts the similarities of structure between two 
Jrr^s, I suggest, just as each eye extracts the invariants of structure in its own array. 
Varying convergence of the binocular system is a kind of exploration, like the varying 
fixation sf each monocular system. The dual array available for exploMfimi just as 
much as the single array is. The difi"er«»ce in perspective .-structure between two arrays 
is the same as the change in perspective structure of one array when one eye moves 
sideways through the interocular distance. This dispaiity is neither identity at one 
extreme nor discrepancy at the other. If the structures were completely identical, 
nothing would be specified but a hypothetical and ecologically impossible surface called 
a horopter. If the structures were completely discrepant, another kind of impossibility 
would be specified, and this discrepancy can actually be imposed on the binocTular 
system uith a device called a haploscope. For example, the array to one eye may 
consist of vertical stripes and the array to the other of horizontal stripes In this case the 
binoeular system fails, and the use ef one eye is sttfRpfessed. The system becomes 
monocular. Typically, the suppression shifts from one eye to the other, and the result 
is called binocular rivalry. You see horizontal stripes or veitical stripes, or horizontal 
in one part of tlie flM and vertical i» the elher, but never horizontal stripes and 
vertical stripes in the same place at the same time. 

This kind of contradiction is very interesting. It is not logical contradiction of the 



On Binocular DispaAity 

The idea of dispiarity between two arrays is quite new. It is not the same as the old idea of 
disparity between two retinal images defined by noncorresponding points on two retinas consid- 
ered as receptive mosaics. Array disparity rests on ecological optics instead of on physiological 
optics. 

The application of the new optics to binocular disparity has been worked out by Barrand 
(1978). Although anticipated by the gestalt theorists in the assumption that binocutar dispaiity 
was "relational," it is a departure from the classical theory of stereopsis. It can handle tRen^^eeted 
fact of occluding edges in stereopsis, for example, which the classical theory cannot. 
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sort that philosophers have studied since Aristotle. It might be called ecological con- 
tradiction. It is a discrepancy of information. There will be more about this in Chapter 
14 on depiction. 

Compensatory Movement When we consider the ambient optic array at the point of 
observation occupied by an eye instead of the retinal image of an object formed in the 
eye by light rays, we begin to understand the purpose of the compensatory eye-head 
coordination. Its purpose is to keep the eye oriented to the unchanging features of the 
environment for as n^ch of the time as possible while the observer looks around and 
gets about. It prevents botli eyes from wandering or drifting aimlessly. They are linked 
to the layout of the surfaces. Only if they are stable relative to the world can they look 
at the world. The eyes do tend to drift or wander when the ambient light is homoge- 
neous, as it is in the presence of an unstructured total fieW Kke the blue sky or a dense 
fog or in ambient darkness. The compensation is automatic, but it is not a reflex 
response to a stimulus. If the eyes were not anchored, the phenomenal world would 
"swing" instead of being the fixed i'ame of refierence it is. Indeed, the experience of 

Figure 12.2 

The turning of the eyes in the head to compensate for the turning of 
the head in the world. 

As the head turns to the right, the eyes turn to the lelt through the same angle. In this diagram 
the eyes are converged. {From The Perception of the Visual World hy James Jiwome Gibson and 
used with the agreement ef the reprint publisher, Cmeenwood Piess, Inc.) 
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vertigo does arise whenever the coordinate compensation breaks down after the stop- 
ping of prolonged passive rotation in a swivel chair. 

The so-called swinging of the scene can be artificially induced in JMother way when 
the structure of the field of view of the eye is distorted or reversed by a prism or lens 
attached to the head by a spectacle frame. The field of view no longer sweeps over the 
ambient array in the normal manner when the head turns. Thus, the compensatory 
eye movements no longer serve their purpose, for the sampling of the array by head 
turning has been disturbed. The eyes are no longer anchored to the environment. The 
results of experiments on perception when distorting spectacles are worn can only be 
understood in the light of this fact (Kohler, 1964], 

OTHER ADJUSTMENTS OF THE VISUAL SYSTEM 

The movements and postures of the eye-head system have now been described. But 
visien is a highlf tuned and elaborate mode of perception, and several other kinds of 
adjustment occur in the activity of looking. The eyes blink, the tear glands secrete, the 
pupils enlarge or contract, the lens accommodates, and the retina adjusts for either 
daytime or nighttime illumination. All these adjustments subserve the pickup of infor- 
mation. 

Et/e J>linktng The eyelids close and reopen at intervals dtEwng waking hours to keep 
the transparent surface of the cornea washed clean and prevent it from drying out. The 
retina is of course deprived of stimulation during these brief moments of eye-closing, 
but the intersstirrg fact is that no sensation c£ dankening is noticed, although even the 
briefest dimming of the illumination when the electric light falters is noticed. The 
Explanation, perhaps, is simply that this particular kind of flicker is propriospecific. A 
dimming obtained wit<h an eye-blink is" experienced afi sen eye-blink; a dimming in^osed 
by the illumination is experienced as coming from the world. 

The ordinary eye-blink is not a triggered reflex. It may sometimes be stimulated 
by a puff of air or a aiider on ^e cotnea, but it usual^* operates to prevent stimulation, 
not to respond to it. Like the closing of the eyes during sleep, it is an adjustment. 

The eyelids work in cooperation with the tear glands. The reason for keeping the 
surface of the cornea clear is (by analogy with a windshield wi{i»r) tttat dirt or fereign 
particles reduce its transparency. The. structure of the optic array when the air is clear 
can be extremely fine, and these very small solid angles specify both the small-scale 
sfvHCture ef the near enviromnent' and the large-scale iKf uctuGe of the %r environment. 
A dirty cornea still admits light to the eye but degrades the information in the array of 
light. 
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The Accommodation of the Lens The combined cornea and lens of the eye constitute 
a lens system that is said to focus an image of an object on the retina, in accordance 
with the classical theory formulated by Johannes Kepler. To each radiating point on 
the near surface of the object there corresponds, ideally, one focus point in the retinal 
image. The function of the lens is to make it a true point instead of a "blur circle," 
whatever the distance of the object. The lens accommodates for distance and minimizes 
the blur (Chapter 4). 

The theory of ambient light and its structure is not consistent with this, or at least 
I do not now understand how it could be made consistent. The notion of nested solid 
angles based on a nested layout of surfaces, the solid angles being ever changing and 
never frozen, is of a different order from the notion of radiation from the atoms of a 
surface and the bringing to a focus of a pencil of these rays from each point of the 
surface. I do not understand how the former notion eould be reduced to the latter, for 
they are in different realms of discourse. 

The focusing of the lens of a photographic camera for a given distance or range of 
distances is net as similar to the accemmodattag of the lens of an eye as we have been 
taught. There is just enough similarity to make optometry and the prescribing of 
eyeglasses a useful technology. But the eye's lens works as part of the exploratory 
mechanism grf" the visual system, along with fixation and convergence, and nothing in 
the photographic camera is comparable to this. Photographic film does not scan, or look 
at, or pick up disparity. We are so accustomed to think of deficiencies in accommodation 
in terms of an acuity chart that we tend to forget this fact. Distinct vision with a fixated 
eye is not the only test for good visual perception, but that is all the optometrist tries 
to measure. 

The furjction of the i>etina is to register invafWtCs of structure, not the points of 
an image. The point-to-point correspondence of the theory of image formation does not 
apply. Ecological optics will have to explain the action of the ocular lens in a different 
way than does classical geometrical optics. The explanation is not simple. 

The Adjustment of the Pupil In Chapter 4, I distinguished carefully between stimulus 
energy and stimulus information, between ambient l%ht and the ambient array. Light 
as energy is necessary if the photochemicals in the photoreceptors of the retina are to 
react, but light as a structural array is necessary if the visual system is to pick up 
information about the world. Although a clear distincticm should be made, it must not 
be forgotten that stimulus information is carried by stimulus energy. There is no 
information in utter darkness. And, at the other extreme, perception fails in blazing 
illumination. The photoreceptors are then swamped by the intense light, and the 
information cannot be extracted by the perceptual system. We describe the accompa- 
nying sensation as dazzle, and it is propriospecific, The contracting of the pupil of the 
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eye is an adjustiseat that reduces the tendency of the photoreceptors to be over- 
whelmed by excessive stimulation. 

Physiological optics, concerned with receptors and stimulus energy, is adequate 
to explain the pupillaiy adjustments Ecological optics, concerned with perceptual organs 
and the information in light, is not required. The different levels of optics correspond 
to different levels of activity in the visual system. It should nevertheless be noted that 
the oontraction of the pupil in strong illumination a«d its enlatgemeiA in t^Siak illu* 
mination work in the interests of information pickup. And the continuous adjustment 
of pupil size to light intensity is not a series of responses to stimuli but an optimizing 
process. 

The Dark Adaptation of the Retina One kind of adjustment of the retina to the level 
of Hhmriftation i{««©lves no mdvement at aW. This fs a shfft between the ixiTicHoning of 
one set of photoreceptors and another set containining different photochemicals and 
\^th a different level of sensitivity. We have what is called a duplex retina, and the 
duplicity theory of the retina is one of the triumphs of the Study of vision at the cellular 
level. The cones provide for dayUght vision and the rods for night vision. The shift of 
function from cones to rods and the reverse is supplementary to the adjustment of the 
pupil, which by itself is insufficient for the million-to-one intensity difference between 
dayhght and nightlight 

1 have described the advantages of a night retina, a day retina, and a duplex retina 
in the chapter on the ewolution of fhe visual syst^ fn The Senses Considered as 
Perceptual System-i (Gibson, 19666. Ch. 9). Animals of our sort are able to perceive 
well enough in either a brightly or a dimly lighted environment and thus do not have 
to maike a choice between a diumal and a noctum^ life. 

COWGLOSION: THE FTOCWONS OF 
THE VISUAL SYSTEM 

The anatomical parts of the visual system are, approximately, the body, the head, the 
eyes, the appurtenances of an eye (eyelid, pupil, and lens), and finally the retina of an 
eye. which is composed of photocells and nerve cells. The body includes all the other 
parts, and the cell includes fione of (he others. All th'isse cornponents are connected 
with the nervous system, and all are active. All are necessary for visual perception. 
Both the parts and their activities form a hierarchy of organs. At the top is the body, 
then the head, and then the eyes. Being equipped with muscles, 'fhe parts cafi nWve, 
each in its own way — the eyes relative to the head, the head relative to the body, and 
the body relative to the environment. Hence, all move relative to the environment, 
and i su^ested that their purpese is perceptual e^pleratton. At the level of the single 
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eye, the eylid wipes, the lens accommodates, and the pupil adjusts. -Muscles are also 
required for these activities, but they are not bodily movements in the sense used 
above. At the bottom level, the retina and its cells adapt to external conditions but the 
activity of the retina does not depend on muscles. At all levels the activities are 
adjustments of the system instead of reflex reactions to stimuli, or "motor" responses, 
or responses of any kind, for that matter. 

The body explores the surrounding environment by locomotion; the head explores 
the ambient array by turning; and the eyes explore the two samples of the array, the 
Belds of view, by eye movements. These rtiight be called exploratory adjustments. At 
the lower levels, eyelid, lens, pupil, and retinal cells make what might be called 
optimizing adjustments. Both the global structure and the Bne structure of an array 
constitute information, The observer needs to look around, to look at, to focus sharply, 
and to neglect the amount of light. Perception needs to be both comprehensive and 
clear The visual system hunts for comprehension and clarity. It does not rest until the 
invariants are extracted. Exploring and optimizing seem to be the f\inctions of the 
system. 



THE FALLACY OF THE STIMULUS 
SEQUENCE THEORY 

The traditional assumption has been that we perceive the world by means of a sequence 
of stimuli. When we look at the scene in front of us, we see it in a succession of 
glimpses analogous to snapshots, each gliifipse corresponding to a pure fixation. Simi- 
larly, when we look around at the whole environment, we perceive it as a sequence of 
visual fields analogous to pictures, each field corresponding to a posture of the head. 



The Lorgnette Tachistoscope 

I once devised a sort of test of what perception would be like if it really consisted of a sequence 
of snapshots. I mounted the shutter of a camera on a handle so that it could be held close to one 
eye and triggered with a finger, giving a wide-angle glimpse of the environment Ibr a fifth of a 
second or less. The other eye was covered. The subject was led up to a table on which was a 
collection of familiar objects and told to keep lookmg until he knew what was there. Because he 
couldn't scan the table with his eye, he had to scan with his head and trigger the shutter for each 
new fixation. 

Perception was seriously disturbed, and the task was extremely difficult. What took only a 
few seconds with normal looking required many fixations with the lorgnette tachistoscope, and 
tliere were many errors. 1 now begin to understand why. 
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Both the glimpses and the pictures of the world have been vaguely identified with 
retinal images. But this assumption that we perceive in a sequence of pictures, either 
gtimpses or fields, is quite false. 

A visual fixation is not at all comparable to a snapshot, that is, a momentary 
exposure. The eye has no shutter. The eye scans over the field. The fovea is transposed 
over the sample of the array, and the strtJcture oF the i*ray retnains invariartt. Not 
even a \1sual field at a head-posture is comparable to a pud^e in a MquSnge (tf'^ctures 
(although I used to think it was). The field sweeps over the ambient amy with 
progressive gain and loss at its leading af»d trailing edges, and the ambient struiMure 
remains invariant. No succession of discrete images occurs, either in scanning or in 
looking around. 

The transposition of the fovea over the sample of the array and fhe sweeping of 
the edges of the field of view over the ambient array are propriospecific; they specif)' 
eye turning and head turning respectively, which is precisely what they should do. 
The ft)rmer is visual kinesthesis for an eye movetnent, antl the latter is visual kinesthesis 
for a head movement. 

The formula of visual kinesthesis for the exploratory movements of the eyes, and 
of the "head and eyes together, resolves a number of long-standing puzzles concerning 
visual sensations. It cuts a Cordian knot. The century-old problem of why the world 
does not seem to move when the eyes move and the analogous problem of why the 
room does not appear to go around when one looks aitiund are unnecessary. They only 
arise from the assumption that visual stimuli and visual sensations are the elements of 
visual perc^ion. If the vjsual system is assumed instead to dgtect its own movements 
along with extracting the information about the world from the ambient light, the 
puzzles disappear. I shslt have more to say about this later. 

The false problems stem liom the false analogy between photography and visual 
perception that everyone has taken for granted. A photograph is an arrested moment 
of a changing array. The film has to be exposed, aivd the so-called latent image must 
be developed, fixed, and printed before it becomes a picture. But there is nothing even 
faintly compaiable to a latent image in the retina. It is misleading enough to compare 
the eye with a camera, but it is even worse to compare the retina with a ph^grSphic 
film. 

The stimulus-sequence theory of perception underlies much of modem thought, 
not only the thinking of philosophers, psyttiiSlogists, and physiologrM^ but that of the 
man in the street It is reinforced by comic strips and cartoons and news photographs, 
and the movies above all. As children we do learn much about the world at second 
hand from pictura sequences, so much that we are strong]^ ten(S]{Aed to interpret 
firsthand experience in the same way. Everybody knows what pictures are, and text- 
books tell us that retinal images are pictures. 1 said so myself in my book on the visual 
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world, and the only problem that bothered me was how a sequence of images could be 
converted into a scene (Gibson, 1950fc, Ch. 8, pp. 158 Pf.). I did realize that something 
was wrong with this assertion, but it took me years to detect the fallacy. 



THE THEORY OF THE CONVERSION OF 
A SEQUENCE INTO A SCENE 

It sounds plausible to assert tbiat a sequence of images is converted into a scene. "At 
the circus, for example, you mm* watch the tightrope walker, then look at the perform- 
ing seals, pause to obserwife a clown, arid return to the tightrope walker. Although you 
have had a succession of impressions the events are perceived as coexisting" (Gibson, 
1950fc, p. 158). You are aware of three concurrent events in three different places, all 
going on at the same time, but you are not aware of the successive order in which they 
have been fixated. An adjacent order of^aie^, a wh@le scene, must have been obtained 
from a successive order of sensory inputs, a sequence, by some sort of conversion. Tlie 
sequence of smaller fixations with which you observe the tightrope walker in his smaller 
situation is noticed even less. You look back and forth between his feet and his hands, 
say, but what you see is the whole act. 

The hypothesis of conversion is consistent with the traditional theory that succes- 
sive inputs of a sensory nerve a#ie processed, that a series of signals is interpreted, or 
that the incoming data of sense are operated on by the mind. Sensations are converted 
into perceptions, and the question is, how does this come about? In the case of 
successive retinal images, the process is supposed to be that of memory. It may be 
called short-term or primary memory, or immediate memory as distinguished from 
long-term memory, but the basic assumption is that each image has to be held over, 
OF stored in some senie, in esdex for the sequence to ^ integraleii, that is, combined 
into a unit. The present percept is nothing without past percepts, but past percepts 
cannot combine with the present except as memories. Every item of experience has to 
be carrfed "forward into the present in order to make possible perceptiwi in the present. 
Memories have io accumulate. This is the tiaditional theory of memory made explicit. 
It is fijll of difficulties, but it has seemed to provide the only explanation of how images 
could he integrated. 

The error was to suppose in the first place that perception of the environment is 
based on a sequence of discrete images. If it is based instead on invariance in a flow 
of stimulation, the problem of integratioa dees n«t arise. Xhere is no need to unify' or 
combine different pictures if the scene is in the sequence, is specified by the invariant 
structure that underlies the samples of the ambient array. 



The problem of explaining the experience of what 1 once called the unbounded 
visual world (Gibson, 1950i?, Ch. 8) or what I would now call the surrounding envi- 
ronment is a false problem. The retinal image is bounded, to be sure, and the feveal 
image has even smaller bounds, but the ambient array is unbounded. If the stimulation 
of the retina, or that of the fovea, is accepted as basic, another problem arises as well, 
how to expla'hi the experience of a. stable visual world. The stimulation of the retina is 
continu^^ shifting, but this is also a false problem, Sot the structure of the ambient 
array is quite stable. 



SUMMARY 

One sees the environment not just with the eyes but with the eyes in the head on the 
shoulders of a body that gets about. We look at details with the eyes, but we also look 
around with the mobile head, and we go-and-look with the mobile body. 

A theory of how the eye-head system works has been formulated in this chapter. 
A theory of how the system works during locomotion was formulated in the last chapter. 
The exploratoty adjustments of the eye-head system (fixation, saccadic misVeiitf^nts, 
pursuit movements, convergence-divergence, and compensatory movements) are easier 
to understand. Even the optimizing adjustments of the lens, the pupil, and the pho- 
toreceptors are more intdligible when we consider optical information instead oT 
stimuli. 

The flow of optical stimulation is not a sequence of stimuli or a series of discrete 
snapshots. If it were, the sequence would have to be converted into a scene. The flow 
is sampled by the visual system. And the persistence of the environment together with 
the coexistence of its parts and the concurrence of its events are all perceived together. 
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THIRTEEN 

LOCOMOTION AND 
MANIPULATION 



The theory of affordances implies that to see things is to see how to get about among 
them and what to do or not do with them. If this is true, visual perception serves 
behavior, and behavior is controlled by perception. The observer who does not move 
but only stands and looks is not behaving at the moment, it is true, but he cannot help 
seeing the aSordances for behavior in whatever he looks at. 

Moving from place to place is supposed te be "physical" whereas perceiving is 
supposed to be "mental," but this dichotomy is misleading. liOcomotion is guided by 
visual perception. Not only does it depend on perception but perception depends on 
locomotion inasmuch as a moving point of abs@rv^te is necessary for any adequate 
acquaintance with the environment. So we must perceive in order to move, but we 
must also move in order to perceive. 

Manipulation is an<3ther kind of bel^if^or that depends on pere<^ion and also 
facilitates perception. L«t us consider in this chapter how vision enters into these two 
kinds of behavior. 



THE EVOLUTION OF LOCOMOTION 
AND MANIPULATION 

SUPPORT 

Animals, no less than other bodies, are pulled downward by the force of gravity. They 
fall unless supported. In water the animal is supported by the medium, which has 
about the same density as its body. But in air the animal must have a substantial surface 
below if it js not te become a Newtoirian falling body. 

liOcomotion has evolved from swimming in the sea to crawling and walking on 
land to clinging and climbing on the protuberances that clutter up the land and, Rnally, 
to flying through the air, the most rapid kind of locomotion but thfe m&st risky. Fish 



are supjwrted by the medium, terrestrial animals by a substantial surface on the 
underside, and birds (when they are not at rest) by airflow, the aerodynamic force 
called lift. Zoologists sometimes classif>' animals as aquatic, terrestrial, or aerial, having 
in mind the different ways of getting about in water, on land, or in the air. 



VISUAL PERCEPTION OF SUPPORT 

A terrestrial animal must have a surface that pushes up on its feet, or its underside. 
The experiments reported in Chapter 4 with the glass floor apparatus suggest that 
many terrestrial animals cannot maintain normal posture unless they cam see their fe^ 
on the ground. With optical information to specif>' their feet off the ground, they act 
as if they were falling freely, cixjuching and showing signs of fear. But when a textured 
surfece is brought up under the gbss floor, the animals stand and walk nonnally (E. J. 
Gibson, 1969, pp. 267-270). 

This result implies that contact of the feet with the surface of support as against 
sepa^'tion of the Feet fi'om thte sur&ee is specifiied optically, at the occluding edges of 
the feet. The animal who moves its head or uses two eyes can perceive either no 
separation in depth between its feet and the floor or the kind of separation it would see 
if it were suspended in air. Contact is specified btith optically and meehanicdly. 

Note that a rigid surface of earth can be distinguished from a nonrigid surfece of 
water by its color, te.xture, and the absence or presence of ripples. A surface of water 
does B»t dferd stf>port fi>r dbicks, but it does for ducklings. The latter take to the water 
immediately after hatching; the former do not. 



MANIPULATION 

Manipulation presumably evolved in primates, along with bipedal locomotion and the 
upright posture, by the eonversitin of the forelimbs from legs into dnns and of the 
forepaws into what we call hands. Walking on two legs, it is sometimes said, leaves the 
hands fiee for other acts. The hands are specified by "five-pronged squinning protru- 
sions" into the lieM ef view ft'om below (Chapter 7^. They Meng te 'the self, but they 
are constantly touching the objects of the outer world by reaching and grasping. The 
shapes and sizes of objects, in fact, are perceived in relation to the hands, as graspable 
or not gi*aspable, in terms of their affbrdam^es hr mantpulaticJh. In&nA pdnWes le^rn 
to see objects and their hands in conjunction The perception is constraftied by manip- 
ulation, and the manipulation is constrained by perception. 
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THE CONTR0L OF LOCOMOTION 
AND MANIPULATION 

LeeomdtiMi and mafifpulatiorr, Hke the movements <of tKe e>^s ■lieisei^seii in the 
last chapter, are kinds of behavior that cannot be reduced to responses. The per- 
sistent effort to do so by physiologists and psychologists has come to a dead end. 
But the ancient CartAian doeinne still hangs on, that anfm&Is are reflex mahines and 
that humans are the same except for a soul that rules the body by switching impulses 
at the center of the brain, The doctrine will not do. lx>comotion and manipulation are 
not triggered by stintiiti fecm otitslije the -iiody, nor are they initiated hf etlmmands 
from inside the brain. Even the classification of incoming impulses in nerves as sensory 
and outgoing impulses as motor is based on the old doctrine of mental sensations and 
physieal m«vem»rrtS. WetirOphfslotegiStS, most of them still uncJer the influence 
of dualism, however much they deny philosophizing. They still assume that the brain 
is the seat of the mind. To say, in modem parlance, that it is a computer with a 
program, either inherited or acqoired, -that plans a voluntary action and tlien commands 
the muscles to move is only a little better than Descartes's theory, for to say this is still 
to remain confined within the doctrine of responses. 

Locomotion and manipulation are neither triggered nor e()mntanded but con- 
trolled. They are constrained, guided, or steered, and only in this sense are they ruled 
or governed. And they are controlled not by the brain but by information, that is, by 
seeing oneself in the woHd. Coiftrcrl lies in the animal-environment system. Control is 
by the animal in its world, the animal itself having subsystems for perceiving the 
environment and concurrently for getting about in it and manipulating it. The rules 
that govern behavior are not Rke Isaws enfSgneed by an authority or decisions made by 
a commander; behavior is regular without being regulated. The question is how this 
can be. 



What Mmmm wa iMrAw PmmAwmB Dbpriveo of 
■<mx Svoiis OF THeaa VaiipsJ' 

Monkeys reared from birth in a device that kept them from seeing the hands and body but not 
from feeling them move and touching things were veiy abnormal monkeys. When fi-eed from the 
device, they acted at first as if they could not reach for and grasp an object but must grope Ibr it. 
An opaque shield with a cloth bib fitted tightly around the monkey's neck had eliminated visual 
kinesthesis and had thus prevented the development of visual control of reaching and grasping. 
So I interpret the results of an experiment by R. Held and J. A, SaOer (1974). See my discussion 
of the optical information Ibr hand movement in Chapter 7, 
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THE MEDIUM CONTAINS THE INFORMATION 
FOR CONTROL 

It should be kaftt in mmd that animals live in a medimh that, being insubstantial, 
permits them to move about, if supported. We are tempted to call the medium "space," 
but the temptation should be resisted. For the medium, unhke space, permits a steady 
state of reverberating illumination to become established such thsd it contains inibf- 
mation about surfaces and their substances. That is, there is an array at every point of 
obseivation and a changing array at every moving point of obseivation. The medium, 
as distinguished from spa«e, allows eonippession-wave»fftini a metslianical meM, souni, 
to reach all points of observation and also allows the difi'usion field fixtm a volatile 
substance, odor, to reach them (Gibson, 1966t), Ch. 1). The odor is specific to the 
volatile stilH^ncej the s@ai^ is ^c^c to the event, and the visual! solid angle is the 
most specific of all, containing all sorts of structured invariants for perceiving the 
affiirdance of the object. This is why to perceive something is also to perceive how to 
approadi it and whaft to do about it. 

Information in a medium is not propagated as signals are propagated but is con- 
tained. Wherever one goes, one can see, hear, and smell. Hence, perception in the 
medium accompanies Iccomotien in the medium. 

VISUAL KINESTHISIS AND CONTROL 

Before getting into the problem of control, we should be clear about the difference 
between active and passive movefflent, a difference that is especially important in the 
case of locomotion. For animal loo^jgfiQn may be uncontrolled; the animal may be 
simply transported. This can happen in various ways. A flow of the medium can 
transport the animal, as happens to the bird in a wind and the fish in a stream, Or an 
individual may be transported by another animal, as happens to a monkey clinging to 
its mother or a baby carried in a cradleboard. Or the observer may be a passenger in 
a vehicle. In all these cases, the animal can see its locomotion Wtflibut Irtitilting, 
governing, or steering it. The animal has the information for transportation but cannot 
regulate it. In my terminology, the observer has visual kinesthesis but no visual control 
of the movement. This distinction is essential to an understanding of the problem of 
control. The traditional theory of the senses is incapable of making it, however, and 
followers of the traditional theory become mired in the conceptual confusion ai^iiiig 
from the slippery notion of feedback. 

Visual kinesthesis specifies locomotion relative to the environment, whereas the 
other kinds of kinesthesis may or may not do so. The control of locomotion in the 



environment must therefore be visual. Walking, bicycHng, and driving involve very 
difi'erent kinds of classical kinesthesis but the same visual kinesthesis. The muscle 
movements must be governed by vision. If you want to go somewhere, or to know 
where you «re gttn^, you can only trust your eyes. The bird is a wind e«en has to fly 
in order to stay in the same ^aee. To prevent being earried away, it must arrest the 
flow of the ambient array. 

Before we em h&pe to understand coirtraUed lemmotion, therefore, we must 
answer several preliminary questions about the information in ambient light. I can 
think of four. What specifies locomotion or stasis? What specifies an obstacle or an 
opening What spcciAes imminent contact with a surface? What specifies the benefit 
or the injury that lies ahead? These questions must be answered before we can begin 
to ask what the rules are for starting and stopping, for approaching and retreating, for 
going this way or that way, and so on. 



THE OPTICAL INFORMATION NECESSARY 
FOR CONTROL OF LOCOMOTION 

For each of the four questions above, I shall list a number of assertions about optical 
information. I will try to put together what the previous chapters have established. 

WHAT SPECIFIES LOCOMOTION OR STASIS? 

1. Flou; of the ambient array specifies locomotion, and nonflow specifies stasis. 
By flow is meant the change analyzed as motion perspective (Gibson, Olum, and 
Rosenblatt, 19S^ for the abstract case of an uncluttered environment and a moving 
point of observation, A better term would befioiv perspective , or streaming perspective. 
It yields the "melon-shaped family of curv^" ijlustrated in Figure 13.1 and is based on 
rays ofll^t from pafticlesdf fl«e terrain, ndf'on soKd angles fiom features of the terrain. 
Thus, it has the great advantages of geometrical analysis but also has its disadvantages. 
Nevertheless, the flow as such specifies locomotion and the invariants specify- the layout 
of surfaces in which Ibcomotion occurs, 

2. Out flow specifies approach a^d mflow specifies retreat from. An invariant 
feature of the ambient flow is that one hetMsj^hiei% is centrifugal and the other centrip- 
etal. Outflow entails ihagnificafton, and irtffow entails mihifiCatiorl. There is always both 
a going-to and a coming-fiom during locomotion. A creature with semipanoramic vision 
can register both the outflow and the inflow at the same time, but human creatures can 
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sample only one or the other, by liooking "ahead" or by looking "btliitid^" Note that a 
reversal of the flow pattern specifies a reversal of locomotion. 

3. The focus or center of outjiow specifies the direction of locomotion in the 
environment. Mme emauMy, tlllt vis^l S«iiii £^le tft the cenfei'of ciu^ow speeiBfes fhe 
surface in the environment, or the object, or the opening, toward which the animal is 
moving. This statement is not analytical. Because the overall flow is radial in both 
hemispheres, the two foci are implieit in any sufficiently large sample of the ambient 



Figure 13.1 

The flow velocities in the lower hemisphere of the ambient optic array with locomotion 

parallel to the earth. 

The vectors are plotted in angular coordinates, and all vectors vanish at the horizon. This drawing 
should' be coinpaied wflh FSg&eg 7.3 showing the motioiT peRp^^'^ t»a flying ttrd. |Fr0in 
Gibson, Olum, and Rosenblatt, 1955. © 1955 by the Board of Trustees of the University of 
Illinois. Reprinted by permission of the University of Illinois Press.) 
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array, and even humans can ikus see whene they w& goin^ wfhout having to look 
where they are going. The "melon-shaped family sf curves" ctfntinues outside the ed^s 
of the temporary field of view. 

4. A shift of fftt center gf outfiow from one tiisual solid to another specifies 
a charige in the direction of locomotion, a turn, and a remaining of the center within 
the same solid angle specifies no change in direction. The ambient optic array is here 
s'ttppdsed t» eoMStst of nesf^ soRd angles, not of a bundle of hne». 'The dicection gf 
locomotion is thus anchored to the layout, not to a coordinate system. The flow of the 
ambient array can be transposed over the invariant structure of the array, so that 
vAtere one is g»i«lg' Is teh^^ t» tli^ sUPronndiAg layout. This anfamiliar notion 
of invariant structure underlying the changing perspective structure is one that I tried 
to make explicit in Chapter 5; here is a good example of it, The illustrations in Chapter 
7 showing arrewS superposted on a-pieture of the terrain were supposed to suggest this 
invariance under change but, of course, it cannot be pictured. 

5. Flow of the textured ambient array just behind certain occluding protrusions 
into the fieM of tyiew specifies' locomotion by an animal with feet. If you lower your 
head while walking, a pair of moving protrusions enters the field of view fi om its lower 
edge (Chapter 7), and these protrusions move up and down alternately. A cat sees the 
same teg ejsta^ thlit\vteidt «Bis me front feet. The extt-emitid?ai*<!fr^ticalc»nta(Ct 
with the flowing array at the locus of maximal flow and maximally coarse texture. They 
occlude parts of the surface, but it is seen to extend behind them. Convexities and 
conc&vtties Wtiihe siflJ^dCF will afFect the timing of contact, and therefore you and the 
cat must plaee ydw feet Wttb ^gawJ to the footing. 

W**T St^EQlFtES m OasamkGLE OR AN OPENING? 

I distinguish two general cases for the affording of locomotion, which I will call obstacle 
and opening. An obstacle is a rigid object, detached or attached, a surface with occluding 
edges. Kxi opening is an aperture, hole, or gap in a surface, also wi^h occluding edges. 
A% obstacle sSoTi& collision. An opening alFords passage. B0tlf 1^8^ # closed or nearly 
closed coist^ur iti tile ^itte array, but fhe» edgtf of the obstacle is inside the contour, 



On Looking at the R&ad Whm<e D«*v<i»c 

It must be admitted that when I turn around while driving our car and reply to my wife's protests 
that I can ))eejl!ctly well see where I am gcling without having to look wthere I am going because 
the AiQps of aHlMowis impUcit, she is not reiMssured. 
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whereas the edge of the opening is outside the contour. A roundi«i^ect> hides in one 
direction, and a round opening hides in the opposite diction. The way to tell the 
difference between an obstacle and an opening, thetetdte, is as follows. 

6. Loss for gain) of structure outside a cloHed contour during approach (or 
retreat) specifies an obstacle. Gain { or loss) of structure inside a closed contour during 
approach (or retreat) specifies an opening. This is the only absolutely trustworthy way 
to tell the difference between an obstacle and an opening. In both cases the visual 
solid angle goes to a hemisphere as you approach it, but you collide with the obstacle 
and enter the opening. Magnification of the form as such, the outline, does not 
distinguish diem. But as you come to tlie obittacfe it iiliies imre and m^e of the 
vista, and as you come up to the opening it reveals more and more of the vista. Deletion 
outside the occluding edge and accretion inside the occluding edge will distinguish the 
two. Psyehol«gists and artists Jike have been coniusei^ iibout the difTerenCtt between 
things and holes, surfaces and apertures. The figure-ground phenomenon that so 
impressed the gestalt psychologists and that is still taken to be a prototype of perception 
is misleadftig. A dosed conteur as such in the »fMc arraydoes not specify an object in 
the environment. 

What specifies the near edge of an opening in the ground, a hole or gap in the 
surface of support? This is very important informaHon for a tenwstrial animal. 

7. Gain of structure above a horizontal contour in the ambient array during 
approach specifies a btink in the surf ace of support. A brink is a drop-oH in the ground, 
a step, or the edge of a perch. It is the essenMal feature of the experiments sn the 
visual chff that were described in Chapter 9 {for example, E. J. Gibson and Walk, 
1960). It is depth downward at an occluding edge, and depending on the amount of 
depth relative to the size of the animal, it affords stepping-dt^Mrn or faltin'gK^. The rat, 
chick, or human infant who sees its feet close to such an occluding edge needs to take 
care. The experimental evidence suggests that the changing occlusion at the edge, not 
the abrupt increase in the density of optlcsl tejitijre, is the ^ective informirtion for the 
animal. 

This formula applies to a horizontal contour in the array coming from the ground. 
What about a vertical contour in the array coming from a wall? 

8. Gain of structure on one side of a vertical contour in the ambient array during 
approach specifies the occluding edge of a barrier, and the side on which gain occurs 
is the side of the edge that affords passage. This is the edge of a house, the effd of a 
wall, or the vertical edge of a doorway, of^en loosely called a corner. On one side of 
the edge the vista beyond is hidden, and on the other side it is revealed; on one side 
there is potential collision, and on the other p6tentlal pitsstge. The trunk cif a tl%e hats 
two such curved edges not far apart. To "go around the corner" is to reveal the surfaces 
of the new vista. Rats do it in mazes, and people do it in cities. To find one's way in 



a cluttered environment is to go around a series of occluding edges, and the p^blem 
is to choose the correct edges to go around (see Figure 11.2). 



WHAT SPECIFIES IMMINENT CONTACT 
WITH A SURFACE? 

In an early essay an tlie visual i^irbl of Itjctunotutn (Gibson, 1938), I wrote: 

Approach to a solid surface is specified by a centrifugal flow of the texture of the optic 
array. Approach to an object is specified by a magnification of the closed contour in 
the array corresponding to the edges of the object. A uniform rate of approach is 
accompanied by an accelerated rate of magnification. At the theoretical point where 
the eye touches the object, the latter will intercept a visual angle of 180°. The magni- 
fication reaches dn explosive r0e in the last momertts before contact, litis accelerated 
expansion . . . sped fies ^rnntfrniri collision. 

This was true enough as far as it went. I was thinking of the piDblem of how a 
pilot lands on a field or how a bee lands on a flower. The explosive magnification, the 
"leoming" as I i3kiifed-#, has to^e canceled if a "soft" landing iS4to<4)e achieved. I never 
thought of the entirely different problem of steering through an opening. The optical 
information provided by various kinds of magnification is evidently not as simple as I 
thought m fS^. 

The complexities we're not clarified by the empirical studies of Schifl', Caviness, 
and Gibson (1962) and Schiff (1965), who provided the optical information for the 
approach of an slrjec^ 4h 'Space instead of the information for approach to a surfece in 
the environment. They displayed an expanding dark silhouette in the center of a 
luminous translucent screen, as described in Chapter 10. No one saw himself being 
transposed; ^etytttb saw siome^ing indefinite coining toward them, as if it were in 
the sky. The display consisted of an expanding single form, a shadow or silhouette, not 
the magnifying of a nested structure of subordinate forms that characterizes approach 
to a real sur&ee. The magnifying of detail tiMhWtit /Mf was missing from the display. 

9. The magnification of a nested structure in which progressively finer details 
keep emerging at the center specifies approach of an observer to a surface in the 
environntSfU. This formula entphasfzes flie facets within the faces of a substantial 
surface, such as that of an obstacle, an object, an animate object, or a surface of rest 
that the observer might encounter. In order to achieve contact without collision, the 
nested magni^idSibin' fITtrst be made to cease at the appropriate level instead of contin- 
uing to its limit. There seems to be an optimal degree of magnification for contact with 
a surface, depending on what it affords. For food one moves up to eating distance; for 
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manipulating one moves up to reachtng distance; for print one moves up to reading 
distance- 

WHAT SPECIFIES THE BENEFIT OR INJURY 
THAT LIES AHEAD? 

Bishop Berkeley suggested in 1709 that the chief end of vision was for animals "to 
foresee the benefit or injury which is like to ensue upon the apphcation of their own 
bodies to this or that body which is at a distance. " What the philosopher called foresight 
is what I call the perception of the affordance. To see at a distance what the object 
affords on contact is "necessary for the preservation of an animal." 

I differ from Bishop Berkeley in assuming that information is available in the light 
to the animal for what an encounter with the object affords. But I agree with him about 
the utility of vision. 

10. Affordances for the individual upon encountering an object are specified in 
the optic array from the object by invariants and invariant combinations. Tools, food, 
shelter, mates, and amiable animals are distinguished from poisons, fires, weapons, 
and hostile animals by their shapes, colors, textures, attfl ekfarmuAions. The positive 
and negative affordances of things in the environment are what makes locomotion 
through the medium such a fundamental kind of behavior for animals. Unlike a plant, 
the animal <tiHn go to the beneficial and stay away from the injurious. But it must be 
able to perceive the affofdances from afar. A rule for the visual control of locomotion 
might be this: so move as to obtain beneficial encounters with objects and places and 
to prevent injurious encounters. 



RULES FOR THE VISUAL CONTROL 
OF LOCOMOTION 

I suggested at the beginning that behavior was controlled by information about the 
world and the self conjointly. The information has now been described. What about 
the control? 

I asserted that behavior was contiolled by rules. Surely, however, they are not 
rules enforced by an authority. The rules are not commands f rom a brain; they emerge 
fi'om the animal-environment system. But the enly way to Jeseribe rules is in words, 
and a rule expressed in words is a command. I am faced with a paiadox. The rules for 
the control of locomotion will sound like commands, although they are not intended 
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to. I can only surest that the reader should interpret them as rules not formulated in 
words. 

The Tiites ^at'follow are for visual control, not muscuhir, articular, vestibular, or 
cutaneous control. The visual system normally supersedes the haptic system for foco- 
motion and manipulation, as I tried to explain in The Senses Considered as Perceptual 
Systems (Gibson, 1966b). This means that^e rules for i&comotion will be the same for 
crawling on all fours, walking, running, or driving an automobile. The particular 
muscles involved do not matter. Any group of muscles will suffice if it brings about the 
relation of the animal tb its environmenft stated in the rule. 

Standing. The basic rule for a pedestrian animal is stand up; that is, keep the feet 
in contact with a surface of support. It is also well to keep the oval boundaries of the 
field of view normal with the implicit horizon of the ambient array; if the head is 
upright the rest of the body follows. 

Starting, stopping, going back. To start, make the array flow. To stop, cancel the 
flow. To go back, make the flow reverse. According to the first two formulas listed in 
the previous pages, to cause outfiow is to giet closer and to cause inBow is to get brther 
away. 

Steering. To turn, shift the center of outflow from one patch in the optic array to 
another, according to the the third and fourth formulas. Steering requires that openings 
be distinguished from barriers, obstacles, and brinks, The rule is: To steer, keep the 
center of outflow outside the patches of the array that specify barriers, obstacles, and 
brinks and within a patch that specifies an opening (sixth, seventh, and eighth formulas). 
Following this rule will avert collisions and prevent falling off. 

Approaching. To approach is to magnify a patch in the array, but magnification is 
complicated (forwuliiSt^iHoaiid six). There are many rules involving magnification. Here 
are a few. To permit scrutiny, magnify the patch in the array to such a degree that the 
details can be looked at. To manipulate something graspable, magnify the patch to such 
a degree that the object is within reach. To bite something, magnify the patch to such 
an angle that the mouth can grasp it. To kiss someone, magnify the face-form, if the 
facial expression is amiable, so as almost to fill the field of view. (It is absolutely 
essenftaf Ibr ene to kaep enn's eyes 'open so as to avoid collision. It is also wise to learn 
to discriminate those subtle invariants that specify amiability.) To read something, 
magnify the patch to such a degree that the letters become distinguishable. The most 
general rule for approai^ is this: To retSHee- the positive affordances of something, 
magnify its optical structure to that degree necessary for the behavioral encounter. 

Entering enclosures. An enclosure such as a burrow, cave, nest, or hut affords 
various benefits upon entry. It is a place of warmth, a shelter fi-om rain and wind, and 
a place for sleep. It is often a home, the place where mate and offspring are. It is also 
a place of safety, a hiding place affording both concealment from enemies and a barrier 
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to their locomotion. An enclosure must have an opening to permit entiy, and the 
opening must be identified. The rule seems to be as follows: to enter an enclosure, 
magnify the angle of its opetUhg to 180" and epen up the vista. Make sure there 
is gain of structure inside the contour and not hss outside, or else you will collide with 
an obstacle (formulas six and nine). 

/Coping a distance. The opposite of approach is retreat. P^chologists have 
sometimes assumed that the alternative to approach is retreat. Kurt Lewin's theory of 
behavior, for example, was based on approach to an object with a positive "valence" 
and retreat from an object with a negative "valence." This fits \mth a thewy of conflict 
between approach and retreat, and a compromise between opposite tendencies. But 
it is wrong to assume that approach and retreat are alternatives. There is no need to 
flee fi%fn afl obstade, a bafbed-wfre fence, the edge of a river, the edge of a cliff, or 
a fire. The only need is to maintain a safe distance, a "margin of safety," since these 
things do not pursue the observer. A ferocious tiger has a negative valence, but a cliff 
does not. The rule this, I think: To prevent an in Jurious encounter, keep the optical 
structure of the surface from magnifying to the degree that specifies an encounter 
(formulas two and ten). 

For moving predators and enemies, flight is an appropriate form of action since 
they can approach. The rule for flight is, so move as to minify the dangerous form and 
to make the surrounding optic array flow inward. If, despite flight, the form magnifies, 
the enemy is catching up; if it minifies, one is getting away. At the predator's point of 
observation, of course, the rule is opposite to that for the prey: so move as to magnify 
the succulent form by making the surrounding array flow outward until it reaches the 
proper angular size for capturing. 



RULES FOR THE VISUAL CONTROL 
OF MANIPULATION 

The rules for the visual control of the movements of the hands are more complex than 
those for the control of locomotion. But the human infant who watches these squirming 
protu^ranees Into his field of view is not formulating rules and, in any case, complexity 
does not seem to cause trouble for the nervous system. I am un^le te. fo|ini4ate> the 
rules in words except for a few easy cases. 

Locomotor approach often terminates in reaching and grasping. Reaching is an 
elongation of the arm-shape and a minlfication of the five-pronged hand-shape until 
contact occurs. If the object is hand-size, it Is graspable; if too large or too small, it is 
not. GhlMren i^m to see sizes in terms of prehension: they see the span of their grasp 
and the diameter ef a ball at the same time (Gibson, 19666, fig. 7.1, p. U9). Long 
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before the child can discriminate one inch, or two, or three, he can see the fit of the 
object to the pincerlike action of the opposable thumb. The child learns his scale of 
sizes as commensurate with his body, not with a measuring stick. 

The afibrdance of an elongated object for pounding and striking is easily learned. 
The skill of hammering or striking a target requires visual control, however. It involves 
what we vaguely call aiming. 1 will not try to state the rules for aiming except to 
suggest that it entails a kind of centering or symmetricalizing of a diminishing form on 
a fixed form. 

Throwing as such is easy. Simply cause the visual angle of the object you have in 
your hand to shrink, and it wdl "%oom" in a highly interesting manner. You have to let 
go, of course, and this is a matter of haptic control, not visual control. Aimed throwing 
is much harder, as ballplayers know. It is a sort of reciprocal of steered locomotion. 

Tool-using in general is rule governed. The rule for pliers is analogous to that for 
prehending, the tool being metaphorically an extension of the hand. The use of a stick 
as a lake for getting a banana outside the cage was one of the achievements of a &mous 
chin^anzee (Kdhler, 192S). 

Knives, axes, and pointed objects afford the cutting and piercing of other objects 
and surfiaces, including other animals. But the manipulation must be carefully con- 
irelled, ibr oksstvefs own skfn can be 'CUt of {rierced as w^I as the other surface. 
The tool must be grasped by the handle, not the point; that is, the rule for reaching 
and the rules for maintaining the margin of safety must both be followed. Visual contact 
with one pirt-ef the-<siu<£ace is beneficial but 'wi^ another ^rt is injurious, and the 
"sharp" part is not always easy to discriminate. The case is similar to that of walking 
along a clifl edge in this respect: one must steer the movement so as to skirt the danger. 

The mes of ttle ktn^ are dmosi ifhliMiifed. And manffa ila ti ^n subseTv«s many 
other forms of behavior of which it is only a part, eating, drinking, transporting, 
nursing, caressing, gesturing, and the acts of trace-making, depicting, and writing, 
which witi concern us in Part IV. 

The fwint to remember is that the visual contiol of the hands is inseparably 
connected with the visual perception of objects. The act of throwing complements the 
^rce^Mon of a ihrowable object. The transfiiirMng (tf things is part and parcel of seeing 
them as portable or not. 

Conclusion about manipulation. One thing should be evident. The movements of 
the hands do not -SOMist responses to stimuli. Manipulation cannot be understood 
in those terms. Is the only alternative to think of the hands as instruments of the mind? 
Plaget, for example, sometimes seems to imply that the hands are tools of a child's 
iMeUig<ince. titis is like ^ying that the hand is a tool of an inner child in more or 
less the same way that an object is a tool for a child with hands. This is surely an error. 
The alternative is not a return to mentalism. We should think of the hands as neither 
triggered nai- «ommanded k/^m^^eH&i, 
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MAMIPULATION AND THE PERCEIVING 
OF INTERIOR SURFACES 

Finally, it skmld ^ itMsd thdt a :gr^t dfeat tif <ntWii]^lati«n «^i>s l^e sal% of 
perceiving hidden surfaces, I can think of three kinds of such manipulation; opening 
up, uncovering, and taking apart. Each of these has an opposite, as one would expect 
from the law of reversiW* occlusion: dosifi^, vmerlng, and ptitiing tog^her. 

Opening and closing apply to the Hds and covers of hollow objects and also to 
drawers, compaitments, cabinets, and other enclosures. Children are fascinated by the 
act of opening so as to rev^l the tnterYtft' and ^sing m ^ coiwail ft. Tbey then 
come to perceive the continuity between the inner and the outer surfaces. The «losed 
box and the covered pot are then seen to have an inside as well as an outside. 

Ci««r1rtg -arii uncooeriwg i^pfy to a cloth, 6r a ¥liiW% Mankffet, or f & revealing and 
concealing by an opaque substance, as in a sandbox. The movement of the hand that 
conceals the object is not always so clearly the reverse of the movement that reveals 
it as it is in the case closing-opening, however. The perceiving of hidden sar&ces 
may well be more difficult in this case. 

Taking apart and putting together apply to an object composed of smaller objects, 
that is, a compasite tfhart can Be disassembled and ass^nittle'd, The»^ are toys of this 
sort. Blocks that can be fitted together make such a composite object. Taking apart is 
usually a simpler act of ipanipulation than putting together. Children need to see what 
is inside these compound objects, and it is only t» be expeeted'ftmt they slloflld take 
them apart, or break them apart if need be. After such visual-manual cooperation, they 
can perceive the interior surfaces of the object together with the cracks, joins, and 
^ertdr^ thii sgf^ite thiein. T^s is the ^if children come to ap^re]*end a mechanisfn 
such as a clock or an ifttemal combustion engine. 



SUMMARY 

Active locomotor behavior, as contrasted with passive transportation, is under the 
continuous control of the observer. The dominant level of such control is visual. But 
this could not occur without what I have cafted visml fciifeSfitesiS, the avrareness of 
movement or stasis, of starting or stopping, of approaching or retreating, of going in 
one direction or another, and of the imminence of an encounter. Such awarenesses are 
neasBsary fer cortttel. 

Also necessary is an awareness of the affordance of the encounter thatwill terminate 
the locomotor act and of the affi)rdances of th^ openings and obstacles, the brinks and 
barriers, and the osmers on the way (ap^iaiUy oqeluding edges), 
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when locometion is thus visually controlled, it is regular without hieing <a chain of 
responses and is purposive without being commanded from within. 

Manipulation, like active locoi)iotioH, is vfsua% ccHits^lleti. K is thus d^endent 
on an awareness of both the hands as sueh and the affi>rdances for handling. But its 
regularities are not so easy to formulate. 



LOCOMOTION AND MANIPULATION 



FOURTEEN 



THE THEORY OF 
INFORMATION PICKUP 
AND ITS CONSEQUENCES 

In this book the traditional theories of perception have been abandoned. The perennial 
doctrine that two-dimensional images are restored to three-dimensional reality by a 
process called depth perception will not do. Neither will the doctrine that the images 
are transformed by the cues for distance and slant so as to yield constancy of size and 
shape in the perception of objects, lire deep-seated notion of the retinal image as a 
still picture has been abandoned. 

The simple assumption that perceptions of the world are caused by stimuli from 
the world will not do. The more sophisticated assumption that perceptions of the world 
are caused when sensations triggered by stimuli are supplemented by memories will 
not do either. Not even the assumption that a sequence of stimuli is converted into a 
phenomenal scene by memory will do. The very notion of stimulation as typically 
composed of discrete stimuli has been abandoned. 

The established theory that exteroception and proprioception arise when extero- 
ceptors and proprioceptors are stimulated will not do. The doctrine of special channels 
of sensation corresponding to specific nerve bundles has been abandoned. 

The belief of empiricists that the perceived meanings and values of things are 
supplied from the past experience of the observer will not do. But even worse is the 
belief of nativists that meanings and values are sugpMed from the past ^peiience of 
the race by way of innate ideas. The theory that meaning is attached to experience or 
imposed on it has been abandoned. 

Ndt even the current theory that the inputs of the sensorji^ channels are subject to 
"cognitive processing" will do. The inputs are described in terms of information theory, 
but the processes are described in terms of old-fashioned mental acts: recognition, 
interpretation, inference, concepts, ideas, and stmrat^and retrievail of 4imA Tl^se-ife 
still the operations of the mind upon the deliverances of the senses, and are too 
many perplexities entailed in this theory. It will not do, and the approach should be 
aban^ned. 

What sort of theory, then, will explain perception? Nothing less than one based 
on the pickup of information. To this theory, even in its undeveloped state, we should 
now turn. 



Let us remember once agMn Sisrtiilt is the perception of the environment that we 
wish to explain. If we were content to explain only the perception of forms or pictures 
on a surface, of nonsense figures to which meanings must be attached, of discrete 
stimuU imposed on an obsei-ver willy-nilly, in short, the items most of^en presented to 
an obseiver in the laboratory, the traditional theories might prove to be adequate and 
would not have to be abandoned. But we should not be content with that limited aim. 
It leaves out of account the eventful world and the perceiver's awareness of being in 
the world. The laboratory does not have to be limited to simple stimuli, so-called. The 
experiments reported in Chapters 9 and 10 showed that information can be displayed. 



WHAT I§ NJEW ABOUT THE PICKUP 
OF INFORMATION? 

The theory of inforifiatien pickup diff^ f^adieally from Aie ita'adMfenal theories ef 
perception. First, it involves a new notion of perception, not just a new theory of the 
process. Second, it involves a new assumption about what there is to be perceived, 
^hi^d, it involves arnew <gone^^»n of the infarmaUatt iir pe^ a& f O& R, with two kinds 
always available, one about the environment and another about the self. Fourth, it 
requires the new assumption of perceptual systems with overlapping functions, each 
teiving ou^U^ to adfustsA^ ovgans as well as inpifts from organs. Wt> are especially 
concerned with vision, but none of the systems, hstening, touching, smelling, or 
tasting, is a channel of sense. Finally, fifbh, optical information pickup entails an activity 
of the system not he&stefere»imagined by >an^-visual s«i«»ti£t, the concurrent re^tering 
of both persistence and change in the flow of structured stimulation. This is the crux 
of the theory but the hardest part to explicate, because it can be phrased in different 
wa^s and a t^niiMeiogy be iir^iited 

Consider these five novelties in order, ending with the p«dblem of detecting 
variants and invariants or change and nonchange. 

A REDEFINITION OF PERCEPTION 

Perceiving is an achievement of the individual, not an appearance in the theater of his 
consciousness. It is a keeping-in-touch with the world, an experiencing of things rather 
than a having of exp^emeeS. If iiiMoWes'a\yafen^^»^liistead of just awareness. It may 
be awareness of something in the environment or something in the observer or both 
at once, but there is no content of awareness independent of that of which one is aware. 
This is close to tlie act psychology of the nini^isenlli eenlwy excefft lliat percefition is 
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not a mental act. Neither is it a bodily act. Perceiving is a psychosomatic act, not of the 
mind or of the body but of a living observer. 

The act of picking up information, moreover, is a continuous act, an activity that 
is eeaseiieSs and unbrakeii. The sea of energy in which we live flows and changes 
without sharp breaks. Even the tiny fraction of this energy that affects the receptors in 
the eyes, ears, nose, mouth, and skin is a flux, not a sequence. The exploring, orienting, 
and adjusting of these organs sink to a minimum during sleep but do not stop dead. 
Hence, perceiving is a stream, and William James's description of the stream of 
consciousness (1890, Ch. 9) applies to it. Discrete percepts, like discrete ideas, are "as 
mythical as the ]ad< ef Spades." 

The continuous act of perceiving involves the coperceiving of the self. At least, 
that is one way to put it. The ver>' term perception must be redefined to allow for this 
fac:t, and the word proprioception must be given a different meaning than it was given 
by Sherrington. 

A NEW ASSERTIOfll ABOUT WHAT IS PERCEIVED 

My description of the environment (Ch^^s 1-3) *ffcl fef tfie cltehges that can occur 
in it (Chapter 6) implies that places, attached objects, objects, and substances are what 
are mainly perceived, together with events, which are changes of these things. To see 
these rtifngs is to pwceive what they affiard. This is very different from the accepted 
categories of what there is to perceive as described in the textbooks. Color, form, 
location, space, time, and motion — these are the chapter headings that have been 
handed down through the centuries, but they are not what is perceived. 

Places A piace is one of many adjacent places that make up the habitat and, beyond 
that, the whole environm^t. But smaller places are nested within larger places. They 
do not have boundaries, unless artificial boundaries are imposed by surveyors (my piece 
of land, my town, my country, my state). A place at one level is what you can see fiom 
here or hereabouts, and locomotion consists of going from place to place in thi^ sense 
(Chapter 1 1). A very important kind of learning for animals and children is place- 
learning — learning the affordances of places and learning to distinguish among them — 
and Way-finding, whteh culminate in the state of being oriented to the whole habitat 
and knowing where one is in the environment. 

A place persists in some respects and changes in others. In one respect, it cannot 
be changed at all — in its location relative to other places. A place cannot be dispUiced 
like an object. That is, the adjacent order of places cannot be permuted; they cannot 
be shuffled. The sleeping places, eating places, meeting places, hiding places, and 



falling-off places of the habitat are immobile. Place-learning is therefore different from 
other kinds. 

Attached Objects I defined an object in Chapter 3 as a substance partially or wholly 
surrounded by the medium. An object attached to a place is only partly surrounded. 
It is a protuberance. It cannot be displaced without becoming detached. Nevertheless, 
it has a surface and enough of a natural boundary to constitute a unit. Attached objects 
can thus be counted. Animals and children learn what such objects are good (br and 
how to distinguish them. But they cannot be separated from the places where they are 
found. 

Detached Objects A fiilly detached object can be displaced or, in some cases, can 
displace itself. Learning to pereeive it thus has a different character from learning to 
perceive places and attached objects. Its affordances are different. It can be put side 
by side with another object and compared. It can therefore be grouped or classed by 
the manipulaflon of sorting. Such objects wheti grouped can be rearranged, that is, 
permuted. And this means not only that they can be counted but that an abstract 
number can be assigned to the group. 

It is probably Imrder for a child to perceive "same object in a different place" than 
it is to perceive "same object in the same place." The former requires that the 
information for persistence-despite-displacement should have been noticed, whereas 
the latter does not. 

Inanimate detached objects, rigid or nonrigid, natural or manufactured, can be 
said to have features that distinguish them. The features are probably not denumerable, 
unlike the objects themselves. But if they are compounded to specify affordances, as 
1 argued they must be, only the relevant compounds need to be distinguished. So 
wlien it comes to the natural, nonrigid, animate objects of the world whose dimensions 
of difference are overwhelmin^y rich and cprapffex, we pay attention only to what the 
animal or person afferds (Chapter 8). 

Pers&ting Substances A substance is that of wW«?h places and objects are composed. 
It can be vaporous, liquid, plastic, viscous, or rigid, that is, increasingly "substantial." 
A substance, together with what it affords, is fairly well specified by the color and 
textttre af its surface. Smoke, milk, elay, biteftd, and vmad aee polymorphic in layout 
but invariant in color-texture. Substances, of course, can ba smelled and tasted and 
palpated as well as seen. 

Tite animal or child who begins to perceive substances, therefore, does so in a 
different way than one who begins to perceive places, attached objects, and detached 
objects. Substances are formless and cannot be counted. The number of substances, 
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natural compositions, or mixtures is not fixed. (The number of chemical elements is 
ftxed, hut that is a different matter.) We discriminate ameng surface colors and textures, 
but we cannot group them as we do detached objects and we cannot order them as we 
do places. 

We also, of course, perceive changes in otherwise persisting substances, the 
ripening of fruit, and the results of boiling and baking, or of mixing and hardening. But 
these are a kind of event. 

Events As I used the term, an event is any change of a substance, place, or object, 
chemical, me^Himical, or bibphysieal. The ^ange may be slow or fast, reversiy^ or 
nonreversible, repeating or nonrepeating. Events include what happens to objects in 
general, plus what the animate objects make happen. Events are nested within super- 
ordinate ev ents. The motion of a detached object is not the prototype of an event that 
we have been led to think it was. Events of different sorts are perceived as such and 
are not. surely, reducible to elementary motions. 

THE INFORMATION FOR PERCEPTION 

Information, as the term is used in this book (but not in other books), refers to 
specification of the observer's environment, not to specification of the observer's re- 
ceptors »r sense organs. The qualities of objects are specified by information; the 
qualities of the receptors and nerves are specified by sensatians. Information about the 
world cuts right across the quahties of sense. 

The term information cannot have its familiar '^etionary meaning etkHtmlfedge 
communicated to a receiver. This is unfortunate, and I would us^ another term if I 
could. The only recourse is to ask the reader to remember that picking up information 
is not to be thought of as a case of communicating. The world does not speak to 
observer. .Animals and humans communicate with cries, gestures, speech, pictures, 
writing, and television, but we cannot hope to understand perception in terms of these 
channels; it is quite the other way around. Words and pictures convey infeiwation, 
carry it, or transmit it, but the information in the sea of energy around each of us, 
luminous or mechanical or chemical energy, is not conveyed. It is simply there. The 
assumption that information can be transmitted and the assumptisn titat it can be 
stored are appropriate for the theory of communication, not for the theory of perception. 

The vast area of speculation about the so-called media of communication had a 
certain discipline imposed on it some years ago by a mathematical theory of commu- 
nication (Shannon and Weaver, 1949). A useful measure of information transmitted was 
formulated, in terms of "bits." A sender and receiver, a channel, and a finite number 
of possible signals were assumed. The result was a genuine discipline of communications 



engineering. But, although psychologists promptly tried to apply it to the senses and 
neuropsychologists began thinking of nerve impulses in terms of bits and the brain in 
terms of a computer, the applications did not work. Shannon's concept of information 
applies to telephone hookups and radio broadcasting in elegant ways but not, I think, 
to the firsthand perception of being in-the-world, to what the baby gets when first it 
opens its eyes. The information for perception, unhappily, cannot be defined and 
measured as Claude Shannon's information can be. 

The information in ambient light, along with sound, odor, touches, and natural 
chemicals, is inexhaustible, A perceiver can keep on noticing facts about the world she 
lives in to the end of her life without ever reaching a limit. There is no threshold for 
information comparable to a stimulus threshold. Information is not lost to the environ- 
ment when gained by the individual; it is not conserved like energy. 

Information is not specific to the banks of photoreceptors, mechanoreceptors, and 
chemoreceptors that lie within the sense organs. Sensations are specific to receptors 
and thus, normally, to the kinds of stimulus energy that touch them off. But information 
is not energy-specific. Stimuli are not always imposed on a passive subject. In life one 
obtains stimulation in order to extract the information (Gibson, 1966fc, Ch. 2). The 
information can be the same, despite a radical change in the stimulation obtained. 

Finally, a cowce^t of information is required ^at admits of the possibility of 
illusion. Illusions are a theoretical perplexity in any approach to the study of perception. 
Is information always valid and illusion simply a failure to pick it up? Or is the 
iitforimation picked up sometimes intpoverwhed, masked, amIligiMlus, e^ivocal, con- 
tradictory, even false? The puzzle is especially critical in vision. 

In Chapter 14 of The Senses Considered as Perceptual Systems (Gibson, I966fe) 
and again in this book<I have tried to come te terms with the problem of misperception. 
I am only sure of this: it is not one problem but a complex of different problems, 
Consider, first, the mirage of palm trees in the desert sky, or the straight stick that 
looks bent became it is partly immersed in water. These illusions, together with the 
illusion of Narcissus, arise fi-om the regular reflection or refraction of light, that is, ft'om 
exceptions to the ecological optics of the scatter-reflecting surfece and the perfectly 
homogeneous medium. Then consider, second, the mispercepHdn in the case of the 
shark under the calm water or the electric shock hidden in the radio cabinet. Failure 
to perceive the danger is not then blamed on the perceiver. Consider, third, the sheet 
of glass mistaken for an open doorway or the horizontal shmt of ^ass (the optical cliS) 
mistaken for a void. A fourth case is the room composed of trapezoidal surfaces or the 
trapezoidal window, which look normally rectangular so long as the observer does not 
Open both eyes and walk around. Optical misinformation eintef%*^te i&ach of these cases 
in a different way. But in the last analysis, are they explained by misinformation? Or 
is it a matter of failure to pick up all the available information, the inexhaustible 
reservoir that li0s Qpen> ts further scrutiny? 



THEORY OF INFORMATION PICKUP 



The misperceiving of affordances is a serious matter. As I noted in Chapter 8, a 
wildcat may look like a cat. (But does he look just like a cat?) A malevolent man may 
act like a benevolent one. (But does he exactly?) The line between the pickup of 
misinibrmation and the failure to pick up information is hard to draw. 

Consider the human habit of picture-making, which I take to be the devising and 
displaying of optical information for perception by othePs. It is thus a means of com- 
munication, giving rise to mediated apprehension, but it is more like direct pickup 
than word-making is. Depiction and its consequenees are deferred until later, but it 
can be pointed out here that picture-makers have been experimenting on us for 
cienturies with artificial displays of infomattion in a special ierm. They enridi or 
impoverish it, mask or clarify it, ambiguate or disambiguate it. They often try to 
produce a discrepancy of information, an equivocation or contradiction, in the same 
display; Mnteis invenl^ the cues for depth in the first ^ace, and psychologists looked 
at their paintings and began to talk about cues. The notions of counterbalanced cues, 
of figure-ground reversals, of equivocal perspectives, of different perspectives on the 
same object, of "impossible" objects — all these come fi-om artists who were simply 
experimenting with fi-ozen optical information. 

An important fact to be noted about any pictorial display of optical information is 
that, in contrast with the inexhaustible reservoir »f informatton in an illuminated 
medium, it cannot be looked af'close up. Information t© specify the display as such, 
the canvas, the surface, the screen, can always be picked up by an observer who walks 
around and looks closely. 



THE CONCEPT OF A PERCEPTUAL SYSTEM 

The theory of information pickup requires perceptual systams, itot senses. Some years 
ago I tried to prove that a perceptual system was radically different fiom a sense 
(Gibson, 1966b), the one being active and the other passive. People said, "Well, what 
1 TTietn by a sense is an active sense." But it turned out that they still meant tlie passive 
inputs of a sensory nerve, the activity being what occurs in the brain when the inputs 
get there. That was not what I meant by a perceptual system. I meant the activities of 
looking, listening, touting, tasting, er snifiing. Peo^e then said, "Well, but4tiose are 
responses to sights, sounds, touches, tastes, or smells, that is, motor acts resulting from 
sensory inputs. What you call a perceptual system is nothing but a case of feedback." 
I was discouraged. People did not understand. 

I shall here make another attempt to show that the senses considered as special 
senses cannot be reconciled with the senses considered as perceptual systems. The five 
perceptual systems correspond to five modes ef sv^tatte^isn.- f^ey^liSm sveighf^ping 
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functions, and they are all more or less subordinated to an overall orienting system. A 
system has organs, whereas a sense has receptors. A system can orient, explore, 
investigate, adjust, optimize, resonate, extract, and come to an equilibrium, whereas 
a sense cannot. The characteristic activities of the visual system have been described 
in Chapter 12 of this book. The charaeteristic activities of the auditory system, the 
haptic system, and the t^o related parts of what I called rtie "chemical value system" 
were described in Chapters 5-8 of my earlier book (Gibson, 19666). Five fundamental 
difiierences between a sense and a perceptual system are given below. 

1. A special sense is de'fined by a baiA of receptors or receptive units that are 
connected with a so-called projection center in the brain. Local stimuli at the sensory 
surface will cause local firing of neurons in the center. The adjustments of the organ 
in which the receptors are incorporated are not included within the definition of a 
sense. 

A perceptual system is defined by an &r0m and its adjustments at a given level of 
functioning, subordinate or superordinate. At any level, the incoming and outgoing 
neive fibers are considered together so as to make a continuous loop. 

The organs of the visual system, for example, from lower to higher are roughly as 
follows. First, the lens, pupil, chamber, and retina comprise an organ. Second, the eye 
with its muscles in the orbit comprise an organ that is both stabilized and mobile. 
Third, the two eyes in the head comprise a binocular organ. Fourth, the eyes in a 
mobile head that can turn comprise an organ for the pickup of ambient information. 
Fif^h, the eyes in a head on a body constitute a superordinate organ for information 
pickup over paths of locomotion. The adjustments of accommodation, intensity mod- 
ulation, and dark adaptation go with the first level. The movements of compensation, 
fixation, and scaniting go with the second level. The movements of vergence and the 
pickup of disparity go with the third level. The movements of the head, and of the 
body as a whole, go with the fourth and fifth levels. All of them serve the pickup of 
information. 

2. In the case of a special sense, the receptors can only receive stimuli, passively, 
whereas in the case of a perceptual system the input-output loop can be supposed to 
obtain information, actiwety. Even when the theory of the special senses is liberalized 
by the modem hypothesis of receptive units, the latter are supposed to be triggered 
by complex stimuli or modulated in some passive fashion. 

3. The inputs a specid sense constiMIe a repertory of innate sensations, 
whereas the achievements of a perceptual system are susceptible to maturation and 
learning. Sensations of one modality can be combined with those of another in accord- 
ance with the laws of association; they eto be Organi^ld or fiised or supplemented or 
selected, but no neu; sensations can be learned. The information that is picked up, on 
the other hand, becomes more and more subtle, elaborate, and precise with practice. 
One can keep on learning to perceive as long as life goes on. 
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4. The inputs of the special senses have the qualities of the receptors being 
stimulated, whereas the achievements of the perceptual systems are specific to the 
qualities of things in the world, especially their affordances. The recognition of this 
limitation of the senses was forced upon us by Johannes Miiller with his doctrine of 
specific "nerve energies. " He understood clearly, if reluctantly, the imphcation that, 
because we can never know (he external causes of our sensations, we cannot know the 
outer world. Strenuous efibrts have to be made if one is to avoid this shocking conclu- 
sion. Helmhnltz argued that we must deduce the causes of our sensations because we 
cannot detect them. The hypothesis that sensations provide clues or cues for perception 
of the world is similar. The popular formula that we can interpret sensory signals is a 
variant of it. But it seems to me that all such arguments come down to this: we ean 
perceive tfiie world only if we already know what there is to be perceived. And that, 
of course, is circular. I shall come back to this point again. 

The alternative is to assume that sensations triggered by light, sound, pressure, 
and chemicals are merely incidental, that information is available to a perceptual 
system, and that the qualities of the world in relation to the needs of the observer are 
experienced directly. 

5. In the case of a special sense the process of attention occurs at centers within 
the nervous system, whereas in the case of a perceptual system attention pervades the 
whole input-output loop. In the first case attention is a consciousness that can be 
focused; in the second case it is a skill that can be educated. In the first case physiological 
metaphors ase ixseA, such as the filtering of nervous impulses or the switching of 
impulses from one path to another. In the second case the metaphors used can be 
terms such as resonating, extracting, optimizing, or symmetricalizing and such acts as 
oriCTiting, exploring, investigating, or adjusting. 

I suggested in Chapter 12 that a normal act of visual attention consists of scanning 
a whole feature of the ambient array, not of fixating a single detail of the array. We are 
■tempted to think of attention as strictly a narrowing'-do^m and holding-still, but actually 
this is rare. The invariants of structure in an optic array that constitute information are 
more likely to be gradients than small details, and they are scanned over wide angles. 



THE REGISTERING OF BOTH PERSrSTEItJCE 
AND CHANCE 

The theery ofinBrmation pic1»ip requires that the visual system be abk to detect both 
persistence and change — the persistence of places, objects, and substances along with 
whatever changes they undergo. Everything in the world persists in some respects and 
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changes in some respects. So also does the observer himself. And some things persist 
Ibr long intervals, others for short. 

The perceiving of persistence and change (instead of color, form, space, time, and 
motion) can be stated in vanous ways. We can say that the perceiver separates the 
change from the nonchange, notices what stays the same and what does not, or sees the 
continuing identity of things along with the events in which they participate. The 
question, of course, is how he does so. What is the information fer persistence and 
change? The answer must be of this sort: The perceiver extracts the invariants of 
structure from the flux of stimulation while still noticing the flux. For the visual system 
in particular, he tunes in on the invariant structurie of the ambient optic array that 
underlies the changing perspective structure caused by his movements. 

The hypothesis that in variance under optical transformation constitutes informa- 
tion for the perception of a rigid persisting object go^ back to the rrwving-shadow 
experiment (Gibson and Gibson, 1957). The outcome of that experiment was paradox- 
ical; it seemed at the time that a changing form elicited the perception of a constant 
form wtth a changing slant. The solutfofi was to postulate invariants of optical structure 
for the persisting object, "formless" invariants, and a particular disturbance of optical 
structure for the motion of the object, a perspective transformation. Separate terms 
needed to be devised for pb^ieal motions and for the optical motions that specified 
them, for events in the world and for events in the array, for geometry did not provide 
the terms. Similarly, different terms need to be invented to describe invariants of the 
chgRging world and invariants of the changing array: the geometrii[!lt Mi'erd form Will 
not do. Perhaps the best policy is to use the terms persistence and change to refer to 
the environment but preservation and disturbance of structure to refer to the optic 
array. 

The stimulus-sequence theory of perception, based on a succession of discrete eye 
fixations, can assume only that the way to apprehend persistence is by an act of 
comparison and judgment. The perception of what-it-is-now is compared with the 
memory of what-it-was-then, and they are judged same. The continuous pickup theory 
of perception can assume that the apprehension of persistence is a simple act of 
invariance detection. Similarly, the snapshot theoty must assume thU the way to 
apprehend change is to compare what-it-is-now with what-it-was-then and judge dif- 
ferent, whereas the pickup theory can assume an awaieness of transformation. The 
congruence of the array with itself or the disparity of the airay with itself, as the case 
may be, is picked up. 

The perception of the persisting identity of things is fiindamental to other kinds 
of perceptton. Consider an example, the persisting identity of another person, How 
does a child come to apprehend the identity of the mother? You might say that when 
the mother-figure, or the face, is continually fixated by the child the persistence of the 
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sensation is supported by the continuing stimulus. So it is when the child clings to the 
mother. But what if the mother-figure is scanned? What if the figure leaves and returns 
to the field of view? What if the figure goes away and comes back? What is perceived 
when it emerges from the distance or from darkness, when its back is turned, when its 
clothing is changed, when its emotional state is altered, when it comes back into sight 
after a long interval? In short, how is it that the phenomenal identity of a person agrees 
jso well with the biological identity, despite all the vicissitudes of the figure in the optic 
array and all the events in which the person participates? 

The same questions can be asked about inanimate objects, attached objects, places, 
an4 sftbstanees. The features of a -pei^on are invariant to a considerable degree (the 
eyes, nose, mouth, style of gesture, and voice). But so are the analogous features of 
other things, the child's blanket, the kitchen stove, the bedroom, and the bread on the 
table. All have to be identified as continuing, as persisting, as maintaining existence. 
And this is not explained by the constructing of a concept for each. 

We are accustomed to assuming that successive stimuli fiem the same entity, 
sen^fy eneountn-s vAth it^ are ttntted by an act of recognition. We have assumed that 
perception ceases and memory takes over when sensation stops. Hence, every fresh 
glimpse of anything requires the act of linking it up with the memories of that thing 
instead of some other thing. The judgment, "I have seen this before," is required for 
the apprehension of "same thing," even when the observer has only turned away, or 



Th* E^fsct of ?«ersistimg Stimiilat»iqn 

ON PERCePTION 

We have assumed that perception stops when sensation stops and that sensation stops when 
stimulation stops, or very soon thereafter. Hence, a persisting stimulus is required for the 
perceptton- sf a: persisting object. The fact is, however, that a truly persisting stimulus on the 
retina or the skin specifies only that the observer does not or cannot move his eye or his limb, 
and the sense perception soon fades out by sensoiy adaptation (Chapter 4). The persistence of an 
object is specified by invariants of structure, not by the persistence of stimulation. 

The seeing of persistence considered as the picking up of invariants under change resolves 
an old paii^: the fyhenonienal identity tif the spots of a retinal pkttern vtliw the image is 
transposed over the retina sfroboscopically. The experiments of JosefTemusfirst made this puzzle 
evident. See Gibson (1930, p. 56 £f.) for a discussion and references. 

I used to think that the aftereffects of persisting stimulation of the retina obtained by the 
prolonged Kxation of a display could he very revealing. Besides ordinary afterimages theie are alt 
sorts of perceptual aftereffects, some of which I discovered. But I no longer believe that experi- 
ments on so-called perceptual adaptation are revealing, and I have given up theorizing about 
them. The aftereffects of prolonged scrutiny are of many sorts. Until we know more about 
inf ormation pickup, this fiekJ of investigation will be incoherent. 



has only glanced away lor an instant. The classical theory of sense perception is reduced 
to an absurdity by this requirement. The alternative is to accept the theory of invariance 
detection. 

The quality of familiarity that can go with the perception of a place, object, or 
person, as distinguished fi om the quality of un&miliarity, is a &et of experience. But 
is familiarity a result of the percept making contact with the traces of past percepts of 
the same thing? Is unfamiliarity a result of not making such contact? I think not. There 
is a circularity in the reasoning, and it is a bad theory. The quality of familiarity simply 
accompanies the perception of persistence. 

The perception of the persisting identity of places and objects is more fundamental 
than the perception of the differences among them. We are told that to perceive 
something is to categorize it, to distinguish it fiom the other types of things that it 
might have been. The essence of perceiving is discriminating. Things differ among 
themselves, along dimensions of difference. But this leaves out of account the simple 
fact that the substance, place, object, person, or whatever has to last long enough to 
be distinguished fiom other substances, places, objects, or persons. The detecting of 
the invariant features of a persisting thing should not be confiised with the detecting 
of the invariant features that make different things similar. Invariants over time and 
invariants over entities are not grasped in the same way. 

In the case of the persisting thing, I suggest, the perceptual system simply extract-s 
the invariants from the flowing array; it resonates to the invariant structure or is attuned 
to it. In the case of substantially distinct things, I venture, the perceptual system must 
abstract the invariants. The former process seems to be simpler than the latter, more 
nearly automatic. The latter process has been interpreted to imply an intellectual act 
of lifting out soralfthiitg^'^at is mentrf fi-om a collection of objects that are physical, of 
forming an abstract concept fi om concrete percepts, but that is very dubious. Abstrac- 
tion is invariance detection across objects. But the invariant is only a similarity, not a 
persistence. 



SUMMARY OF THE THEORY OF PICKUP 

According to the theory bietng proposed, perceiving is a registering of certain definite 
dimensions of invariance in the stimulus flux together with definite parameters of 
disturbance. The invariants are invariants of structure, and the disturbances are dis- 
turbarifies of Mrwtiing. The structure, £>r vision, is that of the ambient optic array. 

The invariants specify the persistence of the environment and of oneself. The 
disturbances specify the changes in the environment and of oneself. A perceiver is 
aware of her (Hcisteinee in a p^&istiAg envjronineat and aiao aware of her movements 



THEORY OF INFORMATION PICKUP 



relative to the environment, along with the motions of objects and nonrigid surfaces 
relative to the environment. The term awareness is used to imply a direct pickup of 
tRe inftrnfetWJh, not necesiS&rily to iriiply consciousness. 

There are many dimensions ofinvariance in an ambient optic array over time, that 
is, for paths of observation. One invariant, for example, is caused by the occluding edge 
of the nose, and it specifies the self. Another is the gradient of optical texture caused 
by the material texture of the substratum, and it specifies the basic environment. 
Equally, there are many parameters of disturbance of an ambient optic array. One, for 
example, is caused by the sweeping of the nose over the ambient optic array, and it 
sjjecifies head turning. Another is the deletion and accretion of texture at the edges of 
a form in the array, and it specifies the motion of an object over the ground. 

For diflerent kinds of events in the world there are different parameters of optical 
disturbance, not only accretion-deletion but also polar outflow-inflow, compression, 
transformation, substitution, and others. Hence, the same object can be seen undergo- 
ing diiferent events, and different objects can be seen undergoing the same event. For 
example, an apple may ripen, fall, collide, roll, or be eaten, and eating may happen to 
an apple, carrot, egg, biscuit, or lamb chop. If the parameter of optical disturbance is 
distinguished, the event will be perceived. Note how radically diflFterent this is firom 
saying that if stimulus-event A if invariably followed by stimulus-event B we will come 
to expect B whenever we experience A. The latter is classical association theory (or 
conditioning theory, or expectancy theory). It rests on the stimulus-sequence doctrine. 
It implies that falling, colliding, rolling, or eating are not units but sequences. It 
implies, with David Hume, that even if B has followed A a thousand times there is no 
certainty that it will follow A in the future. An event is only known by a conjunction 
of atomic sensations, a contingani^, M this recurrent sequence is experienced again 
and again, the observer will begin to anticipate, or have faith, or learn by induction, 
but that is the best he can do. 

The process of pigkiip is postulated to depend on the input-output Ibop of a 
perceptual system. For this reason, the information that is picked up cannot be the 
familiar kind that is transmitted from one person to another and that can be stored. 
According to pickup theory, information does not have to be stored in memory because 
it is always available. 

The process of pickup is postulated to be very susceptible to development and 
leamii^. The opportunities for ediieafting attention, i»r expleriAg and ad^«fh»g, for 
extracting and abstracting are unlimited. The increasing capacity of a perceptual system 
to pick up information, however, does not in itself constitute information. The ability 
to perceive does not imply, necessarily, the having ofafilidea of what £gn be perceived. 
The having of ideas is a fact, but it is not a prerequisite of perceivii^. Fef^hafts it is a 
kind of extended perceiving. 



THE TRADITIONAL THEORIES OF 
PERCEPTION: INPUT PROCESSING 

The theory of information pickup purports tobe an alternative to the traditional theories 
of perception. It differs from all of them, I venture to suggest, in rejecting the as- 
sumption that perception is the processing of inputs. Inputs mean sensory or afferent 
nerve impulses to the brain. 

Adherents to the traditional theories of perception have recently been making the 
claim that what they assume is the processing of information in A modem sense of the 
term, not sensations, and that therefor they are not bound by the traditional theories 
of perception. But it seems to me that all they are doing is climbing on the latest 
bandwagon, the computer bandwagon, without reappraising the traditional assumption 
that perceiving is the processing of inputs. I refuse to let them pre-empt the term 
information. As I use the term, it is not something that has to be processed. The inputs 
of the receptors have to be processed, of course, because they in themselves do not 
specify anything more than the anatomical units that are triggered. 

All kinds of metaphors have been suggested to describe the ways in which sensory 
inputs are processed to yield perceptions. It is supposed that sensation occurs first, 
perception occurs next, and knowledge occurs last, a progression fi-om the lower to the 
higher mental processes. One process is the filtering of sensory inputs. Another is 
the organizing of sensory inputs, the grouping of elements into a spabal pattern. The 
integrating of «l£ments into a temporal pattern may or may not be included in the 
organizing process. After that, the processes become highly speculative. Some theorists 
propose mental operations. Others argue for semilogical processes or problem-solving. 
Many tb^ists are in ^'ot of a paaaass analogous to the decoding of signals. All 
theorists seem to agree that past experience is brought to bear on the sensory inputs, 
which means that memories are somehow applied to them. Apart from filtering and 
organizing, the processes suggested are cognitive. Consider some of them. 

Mental Oper.^tions on the Sensory Inputs 

The a priori categories of understanding possessed by the perceived, according to Kant 
The perceiver's presuppositions about what is being percreived 
Innate ideas about the world 

Semilogical OPERATiofis on the Sensory Inputs 

Unconscious inferences about the outer estlses of the sensory inputs, according to 
Helmhoitz (the outer world is deduced) 
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Estimates of the probable character of the "distant" objects based on the "proximal" 
stimuli, according to Egon Brunswik (1956), said to be a quasirational, not a fully 
rational, process 

Decoding Operations on the Sensory Inputs 

The interpreting of the inputs considered as signals (a vety popular analogy with many 
variants) 

The decoding of sensory messagtes 
The utilizing of sensory cues 

The understanding of signs, or indicators, or even clues, in the manner of a police 
detective 

The Appt-iCATfOK OF Memories to the Sensory Inputs 

The "accrual" of a context of memory images and feelings to the core of sensations, 
according to E. B. Titchener's theory of perception (1924) 

This last hypothetical process is perhaps the most widely accepted of all, and 
the most elaborated, Perceptual learning is supposed to be a matter of enriching the 
input, not of differentiating the information (Gibson and Gibson, 1955). But the process 
of combining memories with inputs turns out to be not at all simple when analyzed. 
The appFOpilate memories have to be retrieved from storage, that is, aroused or 
summoned; an image does not simply accrue. The sensory input must fuse in some 
fashion with the stored images; or the sensory input is assimilated to a composite 
memory image, or, iF this will not do, it is said to be assimilated to a class, a type, a 
schema, or a concept, Each new sensory input must be categorized — assigned to its 
class, matched to its type, fitted to its schema, and so on. Note that categories cannot 
beoetae establMhed until encf^h itetns have betn clussified but that items carmot be 
classified until categories have been established. It is this difficulty, for one, that 



Figure H.I 

The commonly supposed sequence of stages in the visual perceiving of an object. 
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compels some tftdbYiste te suppose that classification is a priori and that people and 
animals have innate or instinctive knowledge of the world. 

The error lies, it seems to me, in assuming that either innate ideas or acquired 
ideas must be applied to bare sensory inputs for perceiving to occur. The fallacy is to 
assume that because inputs convey no knowledge they can somehow be made to yield 
knowledge by "processing" them. Knowledge of the world must come fr'om somewhere; 
the debate is over whetlier it comes frtim stored knoKvliedge, Warn innate knowledge, 
or li'om reason. But all three doctrines beg the question. Knowledge of the world 
cannot be explained by supposing that knowledge of the world already exists. All forms 
of cognitive proeessirrg imf)ly> cognition so is to aeceunt f)r cognition. 

All this should be treated as ancient history. Knowledge of the environment, 
surely, develops as perception develops, extends as the obsei-vers travel, gets finer as 
they leam to scrutinize, g«ts longer as they apprehend more events, geiss fullftr as they 
see more objects, and gets richer as they notice more affordances. Knowledge of this 
sort does not "come fi om ' any•^^■here; it is got by looking, along with listening, feeling, 
smelhng, and tastiag. Tlfe cUd also, of G0tnifts, b^ins to acquire knowledge that comes 
(tom parents, teachers, pictures, and books. But this is a different kind of knowledge. 



THE FALSE DICHOTOMY BETWEEN PRESENT 
AND PAST EXPERIENCE 

The division between present experience and past experience may seem to be self- 
eviderrt. How could a!nyone deny it? Tetit is denied in supposing that we «a# experience 
both change and nonchange. The difference between present ani past blurs, and the 
clarity of the distinction slips away. The stream of experience does not consist of an 
instantaneous present and a linear past receding into tfie distance; it is not ^ ""travelirlg 
razor's edge" dividing the past from the future. Perhaps the present has a certain 
duration. If so, it should be possible to find out when perceiving stops and remembering 
begins. But it has not bee(n possible. There are attempts to talk about a "conscious" 
present, or a "specious" present, or a "span" of present perception, or a span of 
"immediate memory," but they all founder on the simple fact that there is no dividing 
line between the present and the past, between perceiving and reifteirtbering. A special 
sense impression clearly ceases when the sensory excitation ends, but a perception 
does not. It does not become a memory after a certain length of time. A perception, 
in tet, does not have an end. Perceiving goes on. 

Perhaps the force of the dichotomy between present and past experience comes 
from language, where we are not allowed to say anything intermediate between "I see 
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you" and "I saw you" or "I am seeing you ' and "I was seeing you." Verbs can take the 
present tense or the past tense. We have no words to describe my continuing awareness 
of you, whether you are in sight or out of sight. Language is categorical. Because wc 
are led to separate the present from the past, we find ourselves involved in wfiat I 
have called the "muddle of memory" (Gibson, 1966a). We think that the past ceases 
to exist ufiless it is "preserved" in memory. We assume that memory is the bridge 
between the past and the present. We assume that memories accumulate and are stored 
somewher,e; that they are images, or pictures, or representations of the past; or that 
memory is actually physiological, not mental, consisting of engrams or traces; or that 
it actually consists of neural connections, not engrams; that memory is the basis of all 
learning; that memory is the basis of habit; that memories live on in the unconscious; 
that heredity is a form of memory; that cultural heredity is another form of memory; 
that any effect of the past on the present is memory, including hysteresis. If we cannot 
do any better than this, we should stop using the word. 

The traditional theories of perception take it for granted that what we see now, 
present experience, is the sensor>' basis of our perception of the environment and that 
what we have seen up to now, past experience, is added to it. We can only understand 
the present in terms of the past. But what we see now (when it is carefully analyzed) 
turm mit to be ait mo^ a peculiar set of surfaces that happen to come within the field 
of view and fece the point of observation (Chapter 11), It does not comprise what we 
see. It could not possibly be the basis of our perception of the environment. What we 
see now ref ers to the self, nrt the environment. The pefs^etive appearance of fke 
world at a given moment of time is simply what specifies to the observer where he is 
at that moment, The perceptual process does not begin with this peculiar projection, 
this momentary pattern. The perceiving of the world begins with the pickup of 
invariants- 

Evidently the theory of information pickup does not need memory. It does not 
have to have as a basic postulate the effecief past experience on present experience by 
way of memory. It needs to explain learning, that is, the improvement of perceiving 
with practice and the education of attention, but not by an appeal to the catch-all of 
past expedience or to the muddfe of memoi^. 

The state of a perceptual system is altered when it is ^ttuned to information of a 
certain sort. The system has become sensitized. Differences are noticed that were 
pFevieusly not netieed. Features beeeme distinctive that were formerly ^v^gue. But this 
altered state need not be thought of as depending on a memory, an image, an engram, 
or a trace. An image of the past, if experienced at all, would be only an incidental 
symptom of the altered state. 

This is not to deny that reminiscence, expectation, imagination, fantasy, and 
dreaming actually occur. It is only to deny that they have an essential role to play in 



perceiving. They are kinds of visual awareness other than perceptual. Let us now 
consider them in their own right. 

A NEW APPROACH TO NONPERCEPTUAL 
AWARENESS 

The redefinition of perception implies a redefinition of the so-called higher mental 
processes. In the old mentalistic psychology, they stood above the lower mental proc- 
esses, the sensor)' and reflex processes, which could be understood in terms of the 
physiology of receptors and nerves. These higher processes were vaguely supposed to 
be intellectual processes, inasmuch as the intellect was contrasted with the senses. 
They occurred in the brain. They were operations of the mind. No list of them was 
ever agreed upon, htA rememberhig, thinking, conceiving, inferring, judging, expect- 
ing, and, above all, knowing were the words used. Imagining, dreaming, rationalizing, 
and wishful thinking were also recognized, but it was not clear that they were higher 
processes in ihe intellectual s<^e. I am cofi^need that none dif them can ever be 
understood as an operation of the , mind. They will never be understood as reactions of 
the body, either. But perhaps if they are reconsidered in relation to ecological per- 
ceiving they win begin to sort themselves out in a new and reasonable that fits 
with the evidence. 

To perceive is to be aware of the surfaces of the environment and of oneself in it. 
The interchange between hidden and unhi^en surfaces is essential to this awareness. 
These are existing surfaces; they are specified at some points of observation. Perceiving 
gets wider and finer and longer and richer and fuller as the observer expbres the 
environment. The fell awar^iness of suF#&ces includes their layout, their «3^tances, 
their events, and their aflbrdances. Note how this definition includes within perception 
a part of memory, expectation, knowledge, and meaning — some part but not all of 
those mental processes in eaeh case. 

One kind of remembering, then, would be an awareness of surfaces that have 
ceased to exist or events that will not recur, such as items in the story of one's own life. 
There is n® point af observation at which sneh an item will eome "ii*t«'«ighti 

To expect, anticipate, plan, or imagine creatively is to be aware of surfaces that do 
not exist or events that do not occur but that could arise or be fabricated within what 
we £^1 the limits of possibility . 

To daydream, dream, or imagine wishfiilly (or fearfully) is to be aware of sur&ces 
or events that do not exist or occur and that are outside the limits of possibility. 
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These three kinds of nonperceptual awareness are not explained, I think, by the 
traditional hypothesis of mental imagery. They are better explained by some such 
hypothesft as this: a perceptual system that has become sensitized to certain invariants 
and can extract them from the stimulus flux can also operate without the constraints of 
the stimulus flux. Information becomes fijrther detached from stimulation. The adjust- 
ment loops for looking around, looking at, scanning, and focusing are then inoperative. 
The visual system visualizes. But this is still an activity of the system, not an appearance 
in the theater of consciousness. 

Besides these, other kinds of cognitive awareness occur that are not strictly per- 
ceptual. Before considering them, however, I must clarify what I mean by imaginary 
or unreal. 



THE RELATIONSHIP BETWEEN IMAGINING 
AND PERCEIVING 

I assume that a normal obseiver is well aware of the difi erence between surfaces that 
exist and surfaces that do net. (Those that do not have ceasei to exist, or have not 
begun to, or have not and will not.) How can this be so? What is the information for 
existence? What are the criteria? It is widely believed that young children are not 
aware of the difJerences, and nei^er are adults suffering &om hallucinations. They do 
not distinguish between what is "real" and what is "imaginary" because perception and 
mental imagery cannot be separated. This doctrine rests on the assumption that, 
because a percept and an irmpt both oecmr in t&e brafta, tbg one can pass over into the 
other by gradual steps. The only "tests ffar reality" are intellectual. A percept cannot 
validate itself. 

We have been told ever nnce John Loeke that an image is a "&int copy" of a 
percept. We are told by Titchener (1924) that an image is "easily confijsed with a 
sensation" (p. 198). His devoted student, C. W. Perky, managed to show that a fciint 
optical picture secretly projected from behind on a translucent screen is sometimes not 
identified as such when an observer is imagining an object of the same sort on the 
screen (Perky, 1910), We are told by a &mous neurosurgeon that electrical stimulation 
of the surface of the brain in a conscious patient "has the ibrce" of an actual perception 
(Penfield, 1958). It is said that when a feeling of reahty accompanies a content of 
consciousness it is marked as a percept and when it does not it is marked as an image. 
All these assertions are extremely dubious- 

I suggest that perfectly reliable and automatic tests for reality are involved in the 
working of a perceptual system. They do not have to be intellectual. A surface is seen 



with more or less definition as the accommodation of the lei^ changes; an image is not. 
A surface becomes clearer when fixated; an image does not. A surface can be scanned; 
an image canTK5t. When the eyes converge on an object in the world, the sensation of 
eros%d diplopia disappears, and when the eyes diverge, the 'double image reappears; 
this does not happen for an image in the space of the mind. An object can be scrutinized 
with the whole repertory of optimizing adjustments described in Chapter 11. No image 
can be scrutinized — not an afterimage, xt&t a so-called eidetic image, not the image in 
a dream, and not even a hallucination. An imaginary object can undergo an imaginary 
scrutiny, no doubt, but you are not going to discover a new and surprising feature of 
the object this way. For it is the very features of the object that your perceptual system 
has already picked up that constitute your ability to visualize it. The most decisive test 
for reality is whether you can discover new features and details by the act of scrutiny. 
Can you obtain new stimulation and extract new inforrif^ion ftom it? is the information 
inexhaustible? Is there more to be seen? The imaginary scrutiny of an imaginary entity 
cannot pass this test. 

A related criterion for the existence of a thing is reverdMe occlusion. Whatever 
goes out of sight as you move your head and comes into sight as you move back is a 
persisting surface. Whatever comes into sight when you move your head is a pre- 
ensHng jurl^ce. That is te say, it ei^ists. Th6 present, past, or future tense of the verb 
see is irrelevant; the fact is perceived without words. Hence, a criterion for real versus 
imaginary is what happens when you turn and move. When the in&nt turns her head 
and creeps about and brii^ -her hands in and out of her field of view, she {lerceives 
what is real. The assumption that children cannot tell the difference between what is 
real and what is imaginary until the intellect develops is mentalistic nonsense. As the 
child glows up, she afiprehends moK reality as she visits more places of her habitat. 

Nevertheless, it is argued that dreams sometimes have the "feeling" of reality, that 
some drugs can induce hallucinations, and that a true hallucination in psychosis is proof 
that a mentftl irffage can h€ the same as a pertept, hr the patient acts as if he were 
perceiving and thinks he is perceiving. I remain dubious (Gibson, 1970). The dreamer 
is asleep and cannot make the ordinary tests for reality. The drug-taker is hoping for 
a vision and does not want to make tests for reality. There are many possible reasons 
why the hallucinating patient does not scrutinize what he says he sees, does not walk 
around it or take another look at it or test it. 

Theft'e is a p<]^Iar iilMcy to the effeol"^at if you can touch what you see it is real. 
The sense of touch is supposed to be more trustworthy than the sense of sight, and 
Bishop Berkeley's theory of vision was based on this idea. But it is surely wrong. 
T^MtKl hdlucinatiens can occur as well as visual. And if the senses are actually per- 
ceptual systems, the haptic system as I described it (Gibson, 1966fc} has its own 
explo.ratory adjustments and its own automatic tests for reality. One perceptual system 
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does not validate another. Seeing and touching are two ways of getting much the same 
information about the world. 



A NEW APPROACH TO KNOWING 

The theory of inftjrmation pickup makes a clear-cut separation between perception and 
fantasy, but it closes the supposed gap between perception and knowledge. The ex- 
traiStingand abstfaotiii^ ef itivarisMnts aee what happens in both perceiving and knowing. 
To perceive the environment and to conceive it are different in degree but not in kind. 
One is continuous with the other. Our reasons for supposing that seeing something is 
quite unlike knowing something e^tne from the doctrine that semng is having 
temporary sensations one after another at the passing moment of present time, whereas 
knowing is having permanent concepts stored in memory. It should now be clear that 
perceptual seeing is an awareness of persisting structure. 

Knowing is an extension of pwrceiving. The child becomes aware of the world by 
looking around and looking at, by listening, feeling, smelling, and tasting, but then she 
begins to be awtre of the woM as well. She is shown things, and told things, 
and given models and pictures of things, and then instruments and tools and books, 
and finally rules and short cuts for finding out more things. Toys, pictures, and words 
are aids to perceiving, proviiided by parents and teachers. They transmit to the next 
generation the tricks of the human trade. The labors of the first perceivers are spared 
their descendants. The extracting and abstracting of the invariants that specify' the 
enviromment are made vasfly easier with these aids* to esmprehension. But ih&y are 
not in themselves knowledge, as we are tempted to think. AH they can do is &cilitate 
knowing by the young. 

These extended m aided modes of apprehension are all cases of information pickup 
fiom a stimulus flux. The learner has to hear the speech in order to pick up the 
message; to see the model, the picture, or the writing; to manipulate the instrument 
in order te extract the information. But the information itself is largely independent of 
the stimulus flux. 

What are the kinds of culturally transmitted knowledge? I am uncertain, for they 
have not been considered at this level of deseriptfon. Present-day discussions of the 
"media of communication" seem to me glib and superficial. I suspect that there are 
many kinds merging into one another, of great complexity. But I can think of three 
obvious ways to facilitate knowing, to aid perceiving, wr to extemJ the lirftits of com- 
prehension: the use of instruments, the use of verbal descriptions, and the use of 
pictures. Words and pictures work in a different way than do instruments, for the 
information is obtained at second hand. Consider them sepgrately. 



KNOWING MEDIATED BY INSTRUMENTS 

Surfaces and events that are too small or too far away cannot be perceived. You can of 
course inerease the visaarl -solid amgle if you approach the item and put your eye close 
to it, but that procedure has its limits. You cannot approach the moon by walking, and 
you cannot get your eye close enough to a drop of pond water to see the little animals 
swimming in it. What can be done is to enlarge the visual solid angle from tbe moon 
or the water drop. You can convert a tiny sample of the ambient optic array at a point 
of observation into a magnified sample by means of a telescope or a microscope. The 
structure of the sample is only a little JiSteited. The surfaces perceived when the eye 
is placed at the eyepiece are "virtual" instead of "real," but only in the sp9iiai.ts<^nse 
that they are very much closer to the observer. The invariants of structure are nearly 
the same when a visual angle with its nested components is magnified This description 
of magnification comes from ecological optics. For designing the lens system of the 
instrument, a diffierent optics is needed. 

The discoveiy of these instruments in the seventeenth century enabled men to 
know much more about very large bodies and very small bodies than they had before. 
But this new knowledge was almost like seeing. The mountains of the moon and the 
motiens of a living cell could be observed Willi adjustments of the instnitrient not unlike 
those of the head and eyes. The guarantees of reality were similar. You did not have 
to take another person's word for what he had seen. You might have to learn to use the 
instrument, but ycm did not have to learn to intwpret the information. Nor did you 
have to judge whether or not the other person was telling the truth, With a telescope 
or a microscope you could look for yourself. 



The U.NAiDED PERceivn<c of Objects in the Sky 

Objects in the sky are veiy diilerent from objects on the ground. The heavenly bodies do not 
come to rest on ttie ground as ordinary obje«s do. The ■Winbftw and the clouds are transient, 
forming and dissipating like mists on earth. But the sun, the moon, the planets, and the stars 
seem permanent, appearing to revolve around the stationary earth in perfect cycles and continuing 
to exist while out of sight. They ar« immottal and mysterious. They cannot be scrutinized. 

Optical information for direct perception of these bodies with the unaided eye is lacking. 
ThSfr Size and (ttstance are indeterminate except that they rise and set from behind the distant 
horizon and are thus veiy faraway. Their motions are very diderent fiom those of ordinaiy objects. 
The character of their surfaces is indefinite, anJ of what substances they are composed is not 
clear. The sun is fiery by day, and the others are fiery at night, unlike the textured reflecting 
surfaces of moKt ttsrcestrial objects. What th^ afford is not visible to the ej'e. Lights in the sky 
uSlMl~tb to^ -like gods. Nowadays they look like flyirig sauc«w, 
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All sorts of instruments have been devised for mediating apprehension. Some 
optical instruments merely enhance the information that vision is ready to pick up; 
others — a spectroscope, for example — require some inference; still others, like the 
Wilson cloud chamber, demand a complex ckte of inferences. 

Some measuring instruments are closer to perception than others, The measuring 
stick for counting units of distance, the gravity balance for counting units of mass, and 
the hourglass for time are essy un^rstand. But the complex magnitudes of physical 
science are another matter. The voltmeters, accelerometers, and photometers are hard 
to understand. The child can see the pointer and the scale well enough but has to learn 
to "read" the instniment, as we say. The direct perception of a Astanc« i>s ifi terms of 
whether one can jump it. The direct perception of a mass is in terms of whether one 
can lift it. Indirect knowledge of the metric dimensions of the world is a far extreme 
from direct perception &f the afibrdance dimensions of the environment. Nevertheless, 
they are both cut from the same cloth. 



KNOWING MEDIATED BY DESCRIPTIONS: 
EXPLICIT KNOWLEDGE 

The principal way in which we save our children the trouble of finding out everything 
for themselves is by describing things for them. We transmit information and convey 
knowl'edge. Wisdemi is handed down. Parents and teachers and books give the children 
knowledge of the world at second hand. Instead of having to be extracted by the child 
from the stimulus flux, this knowledge is communicated to the child. 

It is surely true that speech and language convey information of a certain 4ort from 
person to person and from parent to child. Written language can even be stored so that 
it accumulates in libraries. But we should never forget that this is information that has 
been put into words. It is not the limitless information available in a flowing stimulus 
array. 

Knowledge that has been put into words can be said to be explicit instead of (acit. 
The human observer can verbalize his awareness, and the result is to ifiak'e it com- 
municable. But my hypothesis is that there has to be an awareness of the world before 
it can be put into words. You have to see it before you can say it. Perceiving precedes 
predicating. 

In the course of development the young child first hears talk about what she is 
perceiving. Then she begins herself to talk about what she perceives. Then she begins 
to talk to herself about what she knows — when she is alone in her cfit», for example. 
And, finally, her verbal system probably begins to verbalize silently, in much the same 
way that the visual system begins to visualize, without the constraints of stimulation or 



muscular action but within the limits of the invariants to which the system is attuned. 
But no matter how much the child puts knowledge into words all of it cannot be put 
into words. However skilled an explicator one may become one will always, I believe, 
see more than one can say. 

Consider an adult, a philosopher, for example, who sees the cat on the mat. He 
knows that the cat is on the mat and believes the proposition and can say it, but all the 
time he plainly sees all sorts of wordless facts — the mat extending without interruption 
behind the cat, the far side of the cat, the cat hiding part of the mat, the edges of the 
cat, the cat being supported by the mat, or resting on it, the horizontal rigidity of the 
flsor under the mat, and so oa The ss-called eoneepts of extension, of hr and near, 
gravity, rigidity, horizontal, and so on, are nothing but partial abstractions from a rich 
but unitary perception of cat-on-mat. The parts of it he can name are called concepts, 
but they are not all of what he can see. 

FACT AND FICTION IN WORDS AND PICTURES 

Information about the environment that has been put into words has this disadvantage: 
The reality testing that accoitipanies the pickup df natural informatfon is missing. 
Descriptions, spoken or written, do not permit the flowing stimulus array to be scru- 
tinized. The invariants have already been extracted. You have to trust the original 
perceiver; you must "take his word for it," as we say. What he presents may be fact, 
or it may be fiction. The same is true of a depiction as of a description. 

The child, as I argued above, has no difficulty in contrasting real and imaginary, 
and (he two d» nit liierfe. But the facttial and the fietiontd mny Am Sb.ftt storytelling, 
adults do not always distinguish between true stories and faiiy stories. The child herself 
does not always separate the giving of an account fi'om the telling of a story. Tigers and 
dragon's are both fascinating beast-s, and the child will n»t learn the difierence until she 
perceives that the zoo contains the former but not the latter. 

Fictions are not necessarily fantasies. They do not automatically lead one astray, 
as hallucftiatfons do. They can promote (dative plans. They can permit vicarious 
learning when the child identifies with a fictional character who solves problems and 
makes errors. The "comic" characters of childhood, the funny and the foolish, the 
strong and the we:^, the clever and the stu^^ occupy a great part of children's 
cognitive awareness, but thAs does not interfere in the least with their realism when it 
comes to perceiving. 

"fhe dififeretice between the real and the imaginary is sp^ified by two different 
modes of operation of a perceptual system. But the diflerence between the Eactual and 
the fictional depends on the social system of communication and brings in complicated 
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questions. 'V«rha.\ descEiptiDas can be true or false as ^edicsfl6n& Visual defitttons 
can be correct or incorrect in a wholly different way. A picture cannot be true in the 
sense that a proposition is true, but it may or may not be true to life. 

KNOWING AND IMAGINING MEDIATED 
BY PICTUBES 

Perceiving, knowing, recalling, expecting, and imagining can all be induced by pictures, 
pierhaips e^eft mO*e readily than fey words. Fieture-niakiilg and prt*Aiii>e-percefving have 
been going on for twenty or thirty thousand years of human life, and this achievement, 
like language, is ours alone. The image makers can arouse in us an awareness of what 
fhey knve seen, of what they have iiotic^, of what t^Ky see^, expect, dv imagine, and 
they do so without converting the information into a different mode. The description 
puts the optical invariants into words. The depiction, however, captures and displays 
them in an vfttlm a#ray, v«4iiere they at-e m#re Or ksS thig saSctit as tliey iw#ulii be in the 
case of direct perception. So I will argue, at least. The justification of this theory is 
obviously not a simple matter, and it is deferred to the last chapters of this book, 
Part IV. 

The reality-testing that accompanies unmediated perceiving and that is partly 
retained in perceiving with instruments is obviously lost in the kind of perceiving that 
is meditated by pictures. Weverdieless, pictures give irt a kind of grasp on the rich 
complexities of the natural environment that words could never do. Pictures do not 
stereotype our experience in the same way and to the same degree. We can learn from 
pictUrSB with less effort fh«i it tafkes fb learri trCSm wo*ds. It *s nrt lite peieeiving at 
first hand, but it is more like perceiving than any verbal description can be. 

The child who has learned to talk about things and events can, metaphorically, 
talk t0 himself silently about things and events, so it is sup'posed. Fie is said to have 
"internalized" his speech, whatever that might mean. By analogy with this theory, a 
child who has learned to draw might be supposed to picture to himself things and 
ev«irts without movement ef his hands, te have "'firternalized'^ his pictu'remaki'flg. A 
theory of internal language and internal images might be based on this theory. But it 
seems to me very dubious. Whether or not it is plausible is best decided after we have 
tsfiMSidpred picturemaking in its own right. 

StTMMARY 

When vision is thought of as a perceptual system instead of as a channel for inputs to 
th^ brain, d nevi^ ^eorf of perceplisn eOnsMered as tri&rmaMCin pickup b^Momes 
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possible. Information is conceived as available in the ambient energy flux, not as signals 
in a bundle of nerve fibers. It is information about both the persisting and the changing 
features of the environment together. Moreover, information about the observer and 
his movements is available, so that self-awareness accompanies perceptual awareness. 

The qualities of visual experience that are specific to the receptors stimulated are 
not Belevant to itifcrniation pickup but incidental to it. Excitation and transmission are 
fects of physiology at the cellular level. 

The process of pickup involves not only overt movements that can be measured, 
such as orienting, exploring, and adjusting, but also more general activities, such as 
optimizing, resonating, and extracting invariants, that cannot so easily be measured. 

The ecological theory of direct perception cannot stand by itself. It implies a new 
theory of cognition in general. In turn, that implies a new theory of noncognitive kinds 
of awareness — fictions, fantasies, dreams, and hallucinations. 

Perceiving is the simplest and best kind of knowing. But there are other kinds, of 
which three were suggested. Knowing by means of instruments extends perceiving into 
the realm of the \sex|f distant and the very small; it also allows of metric knowledge. 
Knowing by means of language makes knowing explicit instead of tacit. Language 
permits descriptions and pools the accimulated observations of our ancestors. Knowing 
by means of pictures also extends perceiving and consolidates the gains of perceiving. 

The awareness of imaginary entities and events might be ascribed to the operation 
of the perceptual system with a suspension of reality-testing. Imagination, as well as 
knowledge and perception, can be aroused by another person who uses language or 
makes pictures. 

These tentative proposals are offered as a substitute for the outworn thewy of past 
experience, memory, and mental images. 
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FIFTEEN 

PICTURES 
AND 

VISUAL AWARENESS 

Having rejected the picture theory of natural perception, we can make a start on 
picture perception. To see the environment is to extract information from the ambient 
array of Hght. What is it, then, to see a picture of something? The information in 
ambient light consists not of forms and colors but of invariants. Is it implied that the 
information in a picture does not consist of forms and colors but consists of invariants 
likewise? That sounds very odd, for we suppose that a piehire is entirely eompesed ef 
forms and colors. 

The kind of vision we get from pictures is harder to understand than the kind we 
get from ambient light, not easier. It should be eonsidened at the end of a treatise @n 
perception, not at the beginning. It cannot be omitted, for pictures are as essential a 
part of human life as words. They are deeply puzzling and endlessly interesting. What 
are pictures, and what de the^ do for us? There are obvlousl'j' two kinds: still pictures 
and motion pictures. This chapter is concerned with. the first and the following chapter 
with the second. The motion picture is more like natural vision than the still picture, 
for the latter is an arcastod (tnage. Tim pictorial array is frozen in time and &(ed..at a 
single, unmoving point of observation. The cinematic array can display not only the 
information for seeing events but also that for a moving observer. It is technologically 
cortiplex, however, and we had better treat it later. 



THE SHOWING OF DRAWINGS AND THE 
STUDY OF PERCEPTION 

For countless centuries, certainly since the cavemen, artists have been making draw- 
ings, showing them to their neigfibors, awd asking what thvf saw. Sometime aroiu'nd it 
century ago, psychologists thought of presenting drawings to observers under controlled 
conditions and finding out what was perceived with systematic variation of the drawings, 
Thi^ made the flroe«dure an experiment with an ind^pendjont variable and a dependent 



variable consisting of the verba! (or other) response. But actually the artist as much as 
the psychologist, was experimenting with perception all along, even if not formally. 

This ancient procedure is easy to carry out, but it is not a good way to begin the 
study of perception, for the observer is never quite sure how to answer the question, 
"What do you see?' A drawing does not have ecological validity. I use draicing in a 
general sense that includes a scribble, a form, or a pattern as well as a picture. It is the 
procedure that perceptionists use, however, on ^ke asaunj^ion that a form on the 
retina is the basic stimulus and that form perception is the primary kind. A drawn form 
on paper is also said to be a stimulus, loosely speaking, and thus an experimenter can 
"^ply" it te an animal a baby as well as an adult. But is this a good way to begin 
the study of perception? 

My own first eflbrt in psychology was an experiment on the perception of drawings 
(dbcen, 1§2§), and 1 have been puezfing abwut such experim^its ever since. My 
subjects had to reproduce the figures shown, but one could have them recognized, or 
matched, or described in words, or completed from a part. One could present line 
drawings or silhouettes, cl<esed outlines &r m^n, nonsense figures er nteanitigfiil cMes, 
regular or irregular forms, simple or complex forms, scribbles or depictions, nameless 
blobs or specific representations, hen tracks or alphabetic characters, cursive or printed 
letters, upright or Inverted &rms, ''good*" forms «r "batl" forms, All these variations 
and many others have been tried out. The results are disappointing. After hundreds of 
experiments, nothing decisive has emerged about visual perception, only perplexities. 
Wherein lies the meaning? Does a drawing have an intrinsic meaning or only an 
arbitrary meaning? Are there laws of organization that apply or only laws of association? 
Are there significant forms as such or only forms that represent objects? Can forms 
nepresent Solid Ejects or ody ftal o&^ets, and if fte former, how? 

Meanwhile, of course, modem artists of various schools have also been experi- 
menting. Their drawings and paintings are said to be nonrepresentative, or nonobjec- 
tive, or non figurative, or sonrettmes (distract; but the questilMi fe, what do we see? The 
artists, who do not have to worry about exphcitness, have tried out a wider range of 
variations than the psychologists, and we now have a crowd of professional art critics 
trying to make thfem explieit. The critics, toe, it seems to me. have not made any 
significant discoveries about visual perception. The old perplexities are unresolved 

The showing of drawings is thought to be a good way to begin the study of 
parceptJen, because visfon is supposed to be sim^est when there is a form on the 
retina that is a copy of a form on a surface facing the retina. The retinal form is then 
in point-to-point correspondence with the drawn form, althou^ inverted. But this is 
not the Simplest case sf vi^on, as the foregoing chaptars h9vie|»oved. VlSttd awareness 
of the surroundings cannot be explained on this supposittOlK, If6t even visual awareness 
of an object in space can be explained by it, because for ^Ven form there exists an 
ia&nite jof^pessible objects in) sp^e and ia any given setid object that moves there 
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exists an infinite set of possible fonns. A frozen form does not specify the solid shape 
of an object, only some of the invariant features that a solid object must have, as I 
explained in Chapter 9. And, in any case, we never see just a foim; we see a sample 
of the ambient o^c arrM^. If I am right, m^st of the experiment!! by psychologists, 
including the gestalt psychologists, have been irrelevant. 

As for the nonobjective painters, they scorn to represent domestic objects, animals, 
pei%ons, go^, interiors, .or landscapes in the old-fashioned way, but they claim that 
the forms and colors they put on canvas yield a direct experience of "space " What can 
be meant by that overworked term in this connection? The assertion that a still picture 
can yieli an experienes oftnetten" II anotker par^iim. 'thme tefflis a!% 'surely inap- 
propriate in their physicomathematical meanings, but is there some truth in the claims? 

Vision is simplest when it fulfills its fijnction, not when it meets the criterion of 
one-to-one prejective correspondence in geometry. Its function is to help the observer 
cope with the environment. 



I%ure IS. 1 

Projeelive correspondence. The correspondence of a geometrical form on one plane to 
a geometrical form on another. 

The pencil of so-called rays that connect the two forms point-to-point is indicated only by four 
lines. In this diagram the common point of intersection of the rays in the pencil is between the 
fjlanes, and dne of thfr forms is Merefore inverted nelattve to the-flUher; One form is a congmient 
copy of the other when the two planes are parallel and equidistant from the point, or when they 
are parallel and the point is at infinity. In the latter case there is no inversion. Note that a pencil 
of geometrical rays as shown here, a sheaf or bundle of lines, is not the same as a focused pencil 
of radiating rays as shown in Figure 4,3. Geomettical optics and physical optics are not consistent 
in this respect. 
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WHAT IS A PICTURE? 

The science of language is well established, but nothing even approximating a science 
of depictimi exists. What artists, crities, and philosophers of art have to say about 
pictures has little in common with what photographers, opticists, and geometers have 
to say about them. They do not seem to be talking about the same topic. No one seems 
to know what a picture is. 

Besides showing pictures to people, I have been trying to formulate a definition 
of a picture for years, but I have had to change it repeatedly as my optics shifted and 
my theory of p^ception -developed. I'erhaps the abandoned definMiens will pwove 
interesting as history. They can be found in four essays, only the last of which I would 
standby (Gibson, 1954, 1960fc, 1966i [Ch. 11], and 1971). 

THE PICTURE AS AN ARRAY 

All along I have maintained that a picture is a surface so treated that it makes available 
a limited optic array of some sort at a point of observation. But an array of what? That 
was the difficulty. My first answer was, an array of pencils of light rays. My second 
was, an array of visual solid angles, which become nested solid angles after a little 
thought. My third answer was, an array considered as a structure. And the final answer 
was, an arrangement of invariants of structure. 

1. An array of pencils of light coming to the pupil of an eye such that each 
correspond-i in brightness (and hue, if any) to its radiating element of the picture 
surface. This formula was my early attempt to apply classical optics to a picture. (A 
pencil of light rays to the pupil is illustrated in Chapter 4, FigiH'6 4.3.} BSicauSe each 
pencil could be reduced to a single line fi om an elenieiit of the picture to the nodal 
point of the eye, I called the array a "sheaf of rays," %s in projective geometry, which 
was c»nfiising. (See the controversy about this in the Handbook of Perception, Boynton, 
1974; Gibson, 1974.) There are many objections to this definition. For one thing, the 
supposed correspondence of brightness and color between elements of the array and 
elements of the picture is a great mystery. I was thinking of paintings and photographs 
that had what I called fidelity to the scene depicted, and the only kind of fidelity I 
could think of was of elements, 

2. Afi array of nested visual solid angles at the station point determined by steps 
or contrasts of intensity and spectral composition of the ambient light. This definition 
is better, because it emphasizes the relations between genuine parts of an array instead 
of an abstract sheaf of lines intersecting at the eye, each with its point-sensation. The 
forms on the picture surface are unique and are included within larger forms. The solid 



angles coming from a picture to its station point are analogous to iiie «olid angles 
coming from the faces and facets of a layout to a point of observation. 

3. An array considered as a stationary structure. This definition is still better, 
because structure includes gradients, discontinuities, and teKtUfes as well as simple 
contrasts. It begins to be information about an environment, not just stimulation. There 
are relations between relations, for which there are no names and no mathematical 
expressions. Gradual transitions in the array can specify shadows and curvatures in the 
world over and beyond the faces and facets of surfaces. 

4. An array of persisting invariants of structure that are nameless and formless. 
This) definition is the most tgeneml ef all. It assumes that some of ^ Variants of an 
array can be separated from its perspective structure, not only when the perspective 
keeps changing, as in life, but also when it is arrested, as in a still picture. This says 
that formless invariants can be detected in a picture that seems to consist entirely of 
forms. Ordinarily, these invariants underlie the transformations and emerge most 
clearly when the persisting properties separate off from the changing properties, but 
they can also be distinguished in the limiting mse of an unchao^ng sl^uctuiMv 

The four essayS on ptefure pmrcepRdn rdfei^ed to above cuhniAated in a fifth paper 
devoted to the concept of formless invariants (Gibson, 1973), Despite the argument 
that because a still pictwe presents no transformation it can display no invariants under 
transformation, I ventured to suggest that it did display invarknts, even if weaker than 
those that emerged fi om a motion picture. 

If it is true that the perception of a detached object is not compounded fi'om a 
series of discrete hrms of that objeiet but depends instead m &ie invariant features of 
that family of forms over time, it follows that an arrested member of that unique family 
will have at least some of those invariants. If object perception depends on invariant 
detection instead of form perception, then form perception itself must entail some 
invariant detection. 

This says that when the young child sees the family cat at play the finont view, side 
view, rear view, top view, and so on are not seen, and what gets perceived is the 
invariant cat. The child does not notice the aspects of perspectives of the cat until he 
is much older; he just sees the cat rolling over. Hence, when the child first sees a 
piWure of a cat he is prepared to pick up the Invariants, and he pays no attention to the 
frozen perspective of the picture, drawing, photograph, or cartoon. It is not that he 
sees an absttact cat, or a conceptual cat, or the common features of the class of cats, 
as some philosophers would have us believe; what he gets is the information for the 
persistence of that peculiar, furry, mobile layout of surfaces. 

When the young child sees the cat run away, he does not notice the small image 
but sees the faroffcat. Thus, when he sees two adjacent pictures of Felix in the comic 
book, a large Felix at the bottom of its picture and another small Efelte higher up in its 
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picture, he is prepared to perceive the latter as farther off. When he sees the cat half- 
hidden by the chair, he perceives a partly hidden cat, net a half -cat, and therefore he 
is prepared to see the same thing in a drawing. 

The child never sees a man as a silhouette, or as a cutout like a paper doll, but 
probably sees a sort of head-body-arms-legs invariant. Consequently, any outline draw- 
ing with this invariant is recognized as a man, and the outlines tend to be seen as the 
O0@luding edges «f a man with interchangeable near and & sides. Evan when the 
outlines give way to line segments, as in so-called stick iigures, the invariant may still 
be displayed and the man perceived. 

The perceiving »F Ae cat-on-the-mat contains invariaMs thaft ar6 not exfth'ctti as I 
pointed out in the last chapter But they can be pictured. The gradient of size and the 
gradient of density of texture are invariants; the horizon considered as the line where 
sizes and textures diminish to zero iV an invariant. f'h(^ are many Vind& of invariants. 

To summarize, a picture is a surface so treated that it makes available an optic 
array of arrested structures with underlying invariants of structure. The cross-sections 
of the visual angles of ^e array are forms, but the invariants are formless. The array 
is delimited, not ambient. The array is arrested in time, except for the case of the 
motion picture, which will be considered in the next chapter. The surface can be 
treated in many ways so as to malte the array avtflabie: by painting or drawing or 
depositing pigment on it so as to modify its reflectance or its transmittance; by engraving 
or indenting it so as to make shadows and give relief; or by casting light and shade on 
it so as to produce a temporary picture, in which case we call the sur^e a screen and 
the shadow caster a projector. These fundamental ways of creating an artificial array 
were discussed in Chapter 11 of my earlier book on perception (Gibson, 1966fc). 
Whatever the artist may do, however, he caiinet avoid showing his surface hi tke midst 
of other surfaces of an environment. A picture can only be seen in a context of other 
nonpictorial surf ar.es. 

The eniJrntmisly compl«[ Jechnologies of pitrtflre-making fell into two different 
types, the photographic methods that are only a hundred and fifty years old and what 
1 like to call the chirographic methods (Gibson, 1954, p. 21) that have been practiced 
for at least twenty thousand years. The former invoke a eamert with accessory equip- 
ment for the hand-eye system of a human observer, and the latter involve a graphic 
tool of some sort for the hand-eye system. The invariants made available by these two 
ways of treating a stirface have moth in eommofl feut are not equivalent, as will be 
evident in the next section. The photographic picture has a unique, fixed station point 
in front of the surface. The chirographic picture may or may not have a unique station 
point, depending on whether or not ft was drawn in so-called correct perspective. The 
actual point of observation will usually not coincide with the unique station point, 
however, since a rule for viewing a picture cannot be enforced in practice. (See the 



'"prescriptions" of artificial perspective and the misunderstandings to which they have 
led, discussed later in this chapter,) 

Note that treatment of a surface to display invariants excludes the case of treatment 
that modifies the sur&ce as such. The sur&ce can be ornamented, decorated, embel- 
lished; its reflectance can be altered, its texture can be changed — all without causing 
it to specify something other than what it is, a suiface. No doubt there are true mixtures 
of decoration and description, especially in architecture and poltery, but the extremes 
are distinct. The painter who is a decorator and the painter who is a depictor are 
different people and should not be confused. Aesthetics, in my opinion, has nothing to 
do with it \l% can disMngtiish between a smfaae as an aesthetic •bj@ct and a surface 
as a display of information. The surface that displays information may also be an 
aesthetic object, but the cases are different. A picture is a surface that always specifies 
something other than what it is. 



THE PICTURE AS A RE<jO«© 

The above definition is not sufficient. To say that a picture yields an array of optical 
information clears up a welter of confusion, I think, but it does not say enough. A 



PiCTimSiS FOR COVSATieN A*'.D T.RiAIi(]i{VG 

I became interested in pictures and films during the war as a psychologist concerned with training 
young men to fly airplanes. In 1^10-1946 a million .Americans were learning this quite unnatural 
skill. I was impressed by the possibilities of visual education, inadequately so-called. You cannot 
teU students how to fly; you cannot let them learn by trial and error. You can have them learn by 
imitation, but that is expensive; you should try to show them how to fly. If the sKmuluS situation 
could be simulated, they would learn without danger of crashing. But just how did a picture, still 
or moving, simulate the real situation that the student would later face? How did pictures in 
genei^I prepiare the young for life? The literature of visual education proved to be worthless. I 
wrote an «ssay entitled "Pictures as Substitutes fqr Visual Realities" (Gibsqn, 1947, Ch. 8), and 
then "A Theory •Tt'lctorial Perception" tGibson. 1^4), abondonlngone definition of a picture after 
another for twenty years, as noted above. A student of mine has written a book called A Psychology 
0 f Picture Perception (Kennedy, 1974) which makes a beginning but still does not get to the heait 
of the problem. 

This is the problem of the picture as a provider of secondhand perception. It becomes even 
nidre 3!!iicult if extended to the picture as a source of secondhand fantasy, a provider of fictions, 
of creative imagination, of aesthetic enjoyment, or the picture as a way in which its maker can 
think without words (Amheim, 1969). 
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picture is also a record. It enables the invariants that have been extracted by an 
observer — at least, some of them — to be stored, saved, put away and retrieved, or 
exchanged. Pictures are like writing inasmuch as they can be looked at again and agaih 
by the same observer and looked at by many observers. They allow the original observer 
to communicate in a fashion with unborn generations of other observers. Art museums, 
like libraries, are storehouses of knowledge, and they permit knowledge to accumulate. 
Pictures convey knowledge at second hand and thus are efficient methods of teaching 
the young. But the knowledge they convey is not explicit. It is not put into words. 
Most of the formless invariants in the array from a picture could not be put into words 
anyway. They can be captw^ by an artist but not described. 

What exactly is a picture a record of? I used to think that it was a record of 
perception, of what the picture maker was seeing at the time she made the picture at 
the point of observation die then occupied. It can be a record of perception, to be 
sure, and a photographic picture is such a record, but the chirographic picture need 
not be. I tried to describe several kinds of nonperceptual experiences in the last 
chapter, and the artist ean make a record of these just as well as she can of what she 
jjerceives. She can record imaginary things, from the probable and possible all the way 
to the most &ntastic of her dreams and hallucinations. She can paint her recollection 
of somsiMng that no longer exists. She can paint fictions. And even when she is 
perceiving she is seeing into the past and the future to some extent, so that she captures 
more than the surfaces projected at the instantaneous present. 

Even a photograph record a field eifview, a samfde of the ambient light, and is 
thus analogous to looking with the head. It is a record of what the photographer 
selected for attention. A chirograph is even more selective. Any picture, then, preserves 
what its creator has noticed areS cmsidei^s worth noticit^. Even when she patnt-s a 
fiction or a fantasy, she does it with invariants that have been noticed in the course of 
learning to perceive. 



A THEORY OW DRAWING AMW ITS 
DEVELOPMENT IN THE CHILD 

Let us consider this remarkable business of pteserving wftat eHe iS aware of; let us try 
to understand it. Cro-Magnon man drew pictures of what interested him on the walls 
of caves, and people of all cultures have been drawing pictures ever since. All of us can 
draw, even fhose who never learned to write. Writing net invcoited until our 
ancestors learned to record their words on a surface, and that is harder to learn than 
recording an awareness. Ideographs and syllabaries and alphabets would never have 
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been devised if people had not already been drawing for thousands of years. But what 
is drawing? 

Th'6 lere and literature of drawing masters and schools of art provide no help in 
answering this q\ie^to&. The manuals on how to draw are thoroughly confusing, lor 
there has never been a coherent theory of the cooperation of the eye and the hand. 
Courses in mechanical or geometrical drawing using a ruler and compass do not answer 
the questipn. Neither do courses in architectural drawing. The courses in so-called 
graphics that I am familiar with are full of inexcusable contradictions, glossed over for 
the sake of covering up ignorance. The courses in so-called basic design are equally 
sloppy. Do we now have a coherent theory of the cooperation of eye and hand? Not 
yet, but perhaps the assumptions of Chapter 12 on the visual control of manipulation 
will give us at least a beginning. 

THE FUNDAMENT.AL GR.APHIC ACT 

In the child, both drawing and writing develop from what I call the fundamental 
graphic act, the making of traces on a surface that constitute a progressive record of 
movement (CiliiMn, I966ti, Ch. 11). B-^uffi^idj' Otir pri^ffilvie mce^&FS hkd also been 
making and observing traces long before the first artist discovered that by means of 
lines one could delineate something. The first man to make a mammoth appear on the 
wall of a cave was. I am confident, amazed hf vkstt he had done. The chimpanzee can 
make scribbles and do finger painting, but he cannot draw anything. 

The words we have for this fundamental graphic act describe it badly and belittle 
it — scribying, dattbling, doodling, daubing, scratching, and so on. But we should study 
it carefully and not belittle it. Of all the hand-held tools that have been invented, the 
sort that makes traces on a surface is especially noteworthy — the stylus, brush, pen, 
penit^;, fflrayon, or marker. The movement of Ae tool ovea- tiic surfece is both felt and 
seen, The muscle- joint-skin kinesthesis is emphasized by orthodox sensory psychology, 
and the visual kinesthesis is emphasized by my perceptual psychology. But these are 
tran^ent awarenesses. The seeing of a progiiessive record the movem^t of the tool 
is lasting. There is a track or trail of the movement, like the afterimage of a firebrand 
whirled in the darkness, except that it is permanent — a stroke, a stripe, or a streak, in 
short a trSce. This emphasizes lines and pointed tools, but the same principles hold for 
patches and brushlike tools. 

The young child practices the fundamental graphic act in sand, mud, or a plate of 
food, to tile (^may of his parents. When gawen a tracing tool, the child uses it on 
approved surfaces as soon as he can hold the tool, beginning at around sixteen months 
of age. The permanent trace is what interests the child. Gibson and Yonas (1968) ibund 
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that one-and-a-hdlf te three-yaar-olds who scribbled zealously with a pencil would stop 
when a nontracing pencil that provided everything but the trace was secretly substi- 
tuted. Moreover, three-year-old scribblers in a nursery school refused to "draw a 
picture in the air'' on request and asked for paper en which thby could draw a "real 
p|cti#e." 

Npw consider what the child will begin to notice as he sees the accumulating 
tra«g's on a sHr&ee, and if he sses ihera Srequently. He has no words for wh«t is there^ 
in Act, there are no adequaes ttMns hr 'it 

The quality called straight looks diffisrent from that called curved, and there are 
opposite curves. 

The trace can begin and end, or it can W eonMniMnis. 

A continuous trace can change direction with a jeth, a zigsag (although terms such as 
angle and apex will not be learned for years). 

A Ibie ean be made between existing marks to connect t'hem, and marks can be 
lined up. 

A continuous trace can come back to where it began, whereupon a peculiar feature 
emer^ t^t we call ^oturv. 

A contiguous trace is apt to pro^ee an invariant called intersection. H inakes csnnec- 

tk)^. 

Traces that do not intersect are very peculiar, and some have the quality of ^eing 
parallel. 

It will become evident that a new trace that exactly follows an old one adds nothing to 
the displlay tal*h«igh the term coincide has yet to be l«imed). 

It may be noticed that a trace on one sheet of paper can be fitted over a trace on 
another sheet, in the same way that a child's block can be fitted into an aperture (the 
template, or so-ealled form boai^). This is prepaiation for the axtom of congruence in 
Euclidean geometry. 

All of these features in the scribbles of childhood are invariants. While they are 
being noticed in the child's own trace-making, they are surely also being noticed in the 
pictures that are shown %im in the nursery, and eventually some ofthe natuisl invariants 
that appeared in the ambient array from the outset will begin to be identified with the 
graphic invariants. 

REPLICATING OR COPYING 

Copying is fundamentally the act of making traces on a surface that coincide with the 
traces on another surface, either one surface overlaid on another or one that could be 
overikid on another. The -child can "trace over" an existing tMce, or he can "tra«e" an 
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existing pattern on a transparent or semitransparent overlay so as to replicate it. He 
can thus perceive the congruence of the two patterns. He learns how to match traces 
and to see the match, or the mismatdh, of se{>itFated traces. Eventually he will learn 
other methods of printing and template mati^ing, but the graphic method, I suspect, 
comes first. 

To copy by comparison is harder than to copy by coincidence-tracing. The ability 
to copy freehand a diamond-shaped form is not achieved by the average child until age 
seven, according to the Binet test norms. What we call /ree/iand trace-making refers 
also to the fact that ttSe movement of tte tool is not eonstFained by a rurer, a compass, 
a scale, or any other drawing instrument. But it is controlled by something. I sugge^ 
that it is controlled by invariants of the sort listed. 

Making a perspective drawing of a scene on a sheet of glass is a special case of 
coincidence-tracing. This was the method of artificial perspective discovered by the 
painters of the Renaissance and recommended by Leonardo da Vinci. It involves setting 
up the glass as if it were a window and then, with one eye exactly fixed in front of the 
window, drawing lines on the surface to coincide with the projections of the occluding 
edges of the layout, the edges and corners of the layout (the dihedrals), and the/issures, 
.sticks, fibers, and pigment borders (Chapter 3). The penumbras of shadows or the 
shading of curved surfaces cannot be traced, however, and the method is not as easy 
as it is made to sound. Actually, it is not a practicable method but a sort of demonstration 

Figure 15.2 

Th^ perspective projection on a picture plane of square unit$ 
at the gDound 01* to (he horizon. 

This drawing shows the main invariants of artificial perspective as distinguished from those of 
natural perspective, which were shown in Figure 5.1 The parallel edges of a track or a pavement 
project to straight lines thai converge to a point, the vanishing point. The squanes of the track 
cgrtesgpnd to trapezoids on the picture plane, diminishing as a function of distance. No one who 
sl>iid^s fiffi drawing could fail to be impressed by the elegance of the principles of pictorial 
perspective. 
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of how to visualize the surface of the canvas as if it were a transparent picture plane. 
The implication is that something like freehand copying is possible for a scene as well 
as for another drawing. But this, I believe, is fllSe. 

The temis copy, replica, duplicate, and image, however familiar, are vague and 
slippery. The ghostly copy of an ideal form on a transparent plane was illustrated in 
Figure IS.l, but the making of silbstantial coptes on surfaces and she^s with ink or 
pigment is another matter entirely. 

DR,\WINC PROPER 

By gradual stages human children begin to draw in the full meaning of the term — to 
draw a man or a woman, a house, a flower, or the sun in the sky. The child is still 
making lines on a surface that record the movements of the tool in his hand, but he is 
now also recording an awareness in terms of the invariants he has picked up. He 
delineates for himself and others something he has apprehended or expefienced. The 
traces he leaves on the paper are not just lines, or the outlines of forms, but the 
distinguishing features of the environment. While drawing, he may be looking at 
somethinf neal, or thinking about something real, or thinking about something wholly 
imaginary; in any case, the invariants of his visual system are resonating. The same is 
true of the artist as of the child. The invariants are not abstractions or concepts. They 
are not knewled^; they are simply itivariaots. 

l.et us contrast this theory of drawing with the traditional theory. The latter 
assumes that drawing is either from "life," from "memory," or from "imagination." 
Drawiag is always (Sopying. The Gopying of pa--ceptu'^ ima^ fs drawing from life. 
The copying of a stored image in the mind is drawing fi-om memory. The copying of 
an image constructed from other memory images is drawing from imagination. This 
theory of drawing is consistent with (he mentalisHc <io^itie that assume an ofitical 
image on the retina, a physiological image in the receptors, a transmitted image in the 
nerve, a cerebral image in the brain, and finally a mental image in the mind that is 
subject to all sorts of creative transformations. 

How is the copying of an image supposed to occur? .\n ancient metaphor is often 
appealed to, the projection of an image outward fi'om the eye. Many persons ignorant 
of vision find this easy to accept. The notton is lent a false ptausibility by the fact that 
the aftersensation caused by overstimulating the retinal receptors with a strong light 
is called an afterimage and is visible on any surface looked at as long as the eye is fixed. 
If a physiological afterimage impressed on the r6ttna can thus be thrown outward, why 
not a mental afterimage imposed on the brain? So the reasoning goes. Drawing from 
life would consist of looking at the model and getting an image, looking at the drawing 
pad, and then jiist tracing around the ou^se of the prsjaeted iro^ge. OaRWing from 
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memory or imagination would differ only in that the artist has to "consult" her memory 
and "summon" an image. If she cannot trace around the projected mental image, at 
least she can copy it freehand. Perhaps drawing is not exactly like this, they say, but 
something like this. Otheiwise, what could it be? The projecting of a mental image 
outward upon an existing drawing is even supposed to explain one's perception of the 
drawing, as E. H. Gombrich (1960), fiir example, maintained at one time. 

I insist that what the draftsman, beginner or expert, actually does is not to 
replicate, to print, or to copy in any sense of the term but to mark the surface in such 
a way as to display invariants and record an awareness. Drawing is never copying. It 
is impossible to copy a piece of the environment. Only another drawing ean be copied. 
We have been misled for too long by the fallacy that a picture is similar to what it 
depicts, a likeness, or an imitation of it. A picture supplies some of the information for 
what it depicts, but that does not imply that it is in projective correspondence with 
what it depicts. 

THE MUDDLE OF REPRESENTATION 

If this new theory is correct, the term representation is misleading. There is no such 
thing as a literal re-presentation of an earlier optic array. The scene cannot be re- 
est^lished; the array cannot^ ^e reconstituted. Some of its invariants can be preserved, 
but that is all. Even a photograph, a color photograph at its technological best, cannot 
preseive all the information at a point of observation in a natural environment, for that 
informatioti is unlimited! M fat ne-presentifig the stiRlolatioin iii the sense of reimposing 
an old pattern of light energies on the retina, that is quite impossible. The Bull range 



The Cokcept of PftojECTioN 

Ever since it was first realized that an image of a solid object in the sense of its form or figure 
cx)uld be "thiown ' upon a surface by a source of light such as the sun or a candle flame, the 
relation of (he ob^ct to its shadow and the nabire of thiit projection have provided food ibr 
thought. Art and geometry, philosophy, psychology, physiology, optics, and mathematics have 
borrowed the concept. Plato used it in the parable of the cave, whose dwellers could never 
perceive real objects but only their shadows cast upon the wall before them. The notion of 
projective correspondence in geometry came fiom tfu's concept. The shadow plays came from it. 
The throwing of lantern slidi;s on a scueen by a pioje<!tor came fiom it The projecting outward 
of a mental image on a surface comes from it and I will have more to say about this later. But this 
is not consistent with the projecting inward of the form of an object onto (he retinal surface and 
thence into the mind. Nevertheless, despite this contradiction, both kinds of projection, outward 
and inward, are accepted by those who believe that perception involves both a retinal image and 
a mental image. 
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of eiwgies and wavelengths in light cannot be preserved on film. Some of the ratios, 
the contrasts or relations in the light, can be captured but not the sensations of 
brightness and color. 

The e%rts made by philosophers and psycholo^sts to clariiy what is meant by a 
representation have (ailed, it seems to me, because the concept is wrong. A picture is 
not an imitation of past seeing. It is not a substitute for going back and looking again. 
What it Records, registers, or consolidates is information, not sense data. 



WHAT ABOUT THE ILLUSION OF REALITY? 
THE DUALITY OF PICTURE PERCEPTION 

A picture is not like perceiving. Neveitheless, a picture is somehow more like per- 
ceiving an object, place, or person than is a verbal description. The illusion of reality 
is said to be possible. Painting can reach a degree of perfection, we are told, such that 



Figure 15.3 

Drawing by Alain. (© 1955 The New Yorker Magazine, Inc.) 
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viewers cannot tell whether what they see is a canvas treated with pigments or the real 
surfaces that the painter saw, viewed as if through a window. In his monumental study 
of pictorial representation, Gombrich (1960, p. 206) repeats the story of the Greek 
painter who had imitated grapes so perfectly that the birds came to peck at them, and 
the story of his rival who bested him by painting a curtain so deceptively that the 
painter himself tried to lift it from the panel. The tradition of "fooling the eye" is very 
ancient. The assumption that a false perception of real surfaces can be induced in the 
art gallery or the psychological laboratoiy is widely believed. If the artificial array is 
the same as the natural array, it will yield the same perception. There will arise an 
illusion of reality without a genuine reality. The perception of a solid cylindrical tunnel 
can be brought about by a mere display of light and dark rings, according to the 
experiment I described in Chapter 9. The eye is easily deceived, and our faith in the 
lieatKy of what we see is therefore precarious. For two millenniums we have been 
told so, 

The purveyors of this doctrine disregard certain facts. The deception is possible 
only for a single eye at a fixed p^ift of observaMon with a constri^ed field of view, for 
what I called aperture vision. This is not genuine vision, not as conceived in this book. 
Only the eye considered as a fixed camera can be deceived. The actual binocular visual 
system cannctt. A vi^er can always tell whether he is looking at a picture or at a real 
scene through a window. I do not believe the stories about birds and painters being 
fooled, any more than I believe that Pygmalion really fell in love with his statue. The 
illusion of reality^ is a The saiKe AUtoinatfe tests for reality lliait distinguish 

between a perception and a mental image, as described in the last chapter, will also 
distinguish between a perception and a physical image. We go on believing the myth 
only because it fits with what the auttiorities tell us about pereeption, with retinal 
image optics. 

A picture, photographic or chirographic, is always a treated surface, and it is always 
seen in a conl^tt df sther nonpietorial Sur&ces. Along wiA the invanaifts for the 
depicted layout of surfaces, there are invariants for the surface as such. It is a plaster 
wall, or a sheet of canvas, a panel, a screen, or a piece of paper. The glass, texture, 
edges, or frame of the picture sur&ce are given in the array, and they are perceived. 
The information displayed is dual. The picture is both a scene and a suHace, and the 
scene is paradoxically behind the surface. This duahty of the information is the reason 
the observe is never quite sure how to answer the qvesf ien, "Wfelt cte you see?" For 
he can perfectly well answer that he sees a wall or a piece of paper. It is this duality 
in the optic array from a picture that makes the drawing a bad way to begin the study 
of per^eptfon. 

I have in my time, like many perceptionists, arranged for a display of information 
to be seen through a peephole, that is, to be viewed through an aperture close to the 
eye. This is supposed to tninimize the infonnation for the sui^e as ^iHi- and enhance 
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the illusion of reality. I find, however, that, far fiom being a simple expedient, it 
complicates the act of perception. Keeping the observer fi om making tests for reality 
does not increase the impression of reality. 

No painter and no phetographer ^heutd e'^er sirlfe to^e viewers the feeling that 
they are looking at a real place, object, person, or event. There is no need to do so. 
In any case, the efiort is bound to be a failure. 

A picture is both a surface in its own right and a display of information about 
something else. The viewer cannot help but see both, yet this is a paradox, for the two 
kinds of awareness are discrepant. We distinguish between the surface of the picture 
and the surfaces in the picture. In sudli paintingffas thoSe of the impressionists, we can 
see the diffierence between the illumination of the picture and the illumination in the 
picture. The two sets of surfaces are not comparable, and the two kinds of illumination 
are not eomtnensurabte. 

I once took a good, sharp photograph of a lawn with trees and a paved walk and 
had it enlarged about twenty times so that it could be mounted on a six-ibot panel. The 
observer stood at a point where the visual angle of the pvrture at his eye w&s the same 
as the visual angle of the array admitted to the camera. He was told to estimate 
distances in terms of the number of paces needed. To the question, "How far away 
froM) yeu is the elm tree?" he would visualize himself walking up to it and reply, 
"Thirty paces." But to the question, "How far away fi om you is the picture?" he would 
pause and reply, "Oh, that's four paces." For the latter estimate he had to shift the 
operation af his visual system so as to pick up quite Afiferent invariants. The l^um in 
the picture was not connected with the floor of the room. 

Consider next the kind of picture that stands at a far extreme fi°om the photomural 
above. Psychologists have hag Cteen sbowing inkblots to fheir subjects and asking wtiat 
they saw. A set of such random blobs on cards devised by Hermann Rorschach has 
now been standardized and is in use by clinical psychologists. Faced with a card, a 
sensible patient might very well say simply that she saw a blot, but she seldom does. 
She attends to the nameless squiggles, contours, textures, and colors and says, "A 
bleeding heart" or "A pair of dancing bears," allowing the psychologist to diagnose her 
fantasy life. I have argued that a Rorschach blot is a picture of sorts coiitafiiing infor- 
mation not only for bleeding hearts and dancing bears but for dozens of other events 
(Gibson, 1956). It is different from a regular picture in that the invariants are all mixed 
up togetlier and are mutually discrepant instead «f being mjitimtly consistent or re- 
dundant. It is rather like a mass of scribbles for a child 19 ttes respect. 

The old mentalistic explanation of perceiving obje^ in elouds and inkblots, inci- 
dentally, is projection, the projecting outward of feAtasy imag'es from t^ uitcdnscious 
mind as if by a mental magic lantern. Hence, the Rorschach is called a "projective" 
test. This is mischievous nonsense. But the dogma of two difiierent contributions to 
pei>eepti«n, «ne«bjectSire and one subj^tive, one comir^ (mm rtie wwrH and theother 



coming from the mind, is so strong that the notion of a picture being thrown outward 
to mix with a picture being thrown inward is widely believed. 

What are we to call the tree in the photograph, or the bleeding heart in the 
inkblot? Neither is an object in my terminobgy. I am Ismpted to call them virtual 
objects. They are not perceived, and yet they are perceived. The duality of the 
information in the array is what causes the dual experience. We need to understand 
the appfehetisiori afviituad objects and, of course, virtual places, events, and persons. 
We can only do so in connection with the perceiving of the real surfaces of the 
environment, including the picture surfaces. Note that our distinction between virtual 
and real will have to he independent of the ^^inotion in classical optics between 
virtual and real images, which is swamped in epistemological confijsion. 

I conclude that a picture always requires two kinds of apprehension that go on at 
the same time, one Aiim& and the other iiii^ct. There is a dinect perceiving of the 
picture surface along with an indirect awareness of virtual surface — a perceiving, know- 
ing, or imagining, as the case may be. 



THE POWER OF PERSPECTIVE IN PAINTING 

If it is not true that a picture in perspective represents reality and a picture not in 
perspective &ils to vepresent reality, what is true? My ansiwier is that if a picture 
displays the perspective of a scene it puts the viewer into the scene, but that is all. It 
does not enhance the reality of the scene. The seeing of oneself is not negligible, but 
it is not the sole aim Of depiction. The advocates of perspeetive representation are 
mistaken, but those who reject perspective as a mere convention are also mistaken. 
There is complete confiision on all sides. The terms in which that debate has proceeded 
are thoroughly misleading. 

The dogma that linear perspective adds depth to a picture along with the other 
kinds of perspective that are "cues" for depth is a source of endless confiision. The 
term perspective is generally misunderstood. The theory of projecthm on a tr-ansparent 
picture plane to a stationpoint is a Renaissance discovery that is property csiWed artificial 
perspective. The theory of the ambient optic array from an environment to a point of 
ob^ivatien should be called natural perspective and is net at all ^e same thing. 
Artificial perspective leads to a set of prescriptions for producing virtual streets, build- 
ings, and interiors seen from a fixed position and a corollary requiring that the painting 
be viewed with one eye it a unique stetion point. Natural perspective leads to ecological 
optics and the concept of the invariant structure in a changing optic array. On the one 
hand, painters are inclined to reject the prescriptions of artificial perspective but are 
then tempted to disbelieve in any kind of perspective. On the ather Imiid, scientists 
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who are impressed with classical optics and the elegance of projective geometry are 
tempted to disbelieve in the efibrts of modem painters. Each side is talking past the 
other. 

What they need to undlex^asd in order to find a common ground, I think, is how 
it is possible for an obsei-ver to see something from no point of observation as well as 
fiom a given point of observation, that is, from a path of obsei'N'ation as well as a 
position. What modem painters are trying to do, if they only knew it, is^hf ifivailalTtS. 
What should int&cest them is not abstractions, not concepts, not sj^ace, tSo\ m^ion, 
but invariants. 

The sef^ration of invariant structure fi om perspective structure is the heart of the 
pBoblem. The invariants display a world with nobody in it, and the perspective displays 
where the observer is in that world. One can depict without a fixed point of observation, 
just as one can visualize wililiQut a ^nt of oksei-vati@n, alte^gh it is iiof @asf to 
understand how. But depiction with a point of observation is tlte more natural sort, 
and the photographic picture is necessarily of this sort. 

There aA-je meta^Ofs -to deSMbe the powerful expertence amised by the pidture 
that locates the observer in a virtual environment: one is taken out of oneself; one is 
transported; one is set down in a far place. The place may be a distant part of the real 
environment or,anather woiM. Travel pictiiiies take orte to w^ere the traveler has been. 
Battle pictures take one into the heart of the melee, Historical pictures take one to the 
forum of ancient Rome. Religious pictures take one straight to heaven, or hell. The 
viewer see;s himself in the environment, for tt extends out beyond ftie ii'9me of the 
picture . 

What is induced in these pictures is not an illusion of reality but an awareness of 
being in the world. This is no illusion. It is a legitimate goal of depiction, if not the 
only ane. 



IS DEPICTION A FORM OF DESCRIPTION? 

It is troublesome for a painter to follow the prescriptions of artificial perspective, as 
any serious work on the subject clearly shows (e.g., Ware, 1900). Even when the 
prescriptions are followed It 4s impossible to enforce the rul« Ifee ^h^alilgr, ft3t no 
viewer could be expected to maintain one eye at the proper station point in the air in 
front of the picture, even if the art gallery provided a bite-board or headrest to specify 
the viewpoint for each painting huiig. But #iaf is l^i tmly way ta prevent distortions 
of the virtual layout, as students of perspective have long known and as the book by 
M. H. Pirenne (1970) has fiilly explained. The distortions themselves are not all that 
serious. Perspective was n<^ worth the trouble, painters ^t^a^Ht. The f^het6^j|)her 
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could make an exact perspective picture automatically, so why bother to master all that 
geometry? It was a complicated and controversial business in any case. Visual scientists 
with all their theorizing know little about the actual art of painting. A fine art should 
not be subject to rules and regulations. This is tftie ^titi»d« of many modem painters 
and tmtA schools of art. 

The theory that artificial perspective is no more than a cbilventioil el'lli^estem art 
is a way of justify ing this attitude. E. Panofsky (1924-1925) asserted that {jQ-spective 
is "'symbolic." G, Kepes (1944) has written about the "language" of vision. R. Arnheim 
(1954) believes that we will leam to see what is represented by abstract painters even 
if we now cannot. And K. Goodman (1968) in Langnages of Art assumes that depiction 
is fiuidamentally description, that we leam to read a picture as we leam a language, 
and that linear perspective could just as well be reversed fhim the way we have become 
ac^stomed te interpret it. 

Now it is one thing to argue that the use of perspective is not necessary for a 
painting, but it is quite another to say that perspective is a language. That says that 
both the persfieMft^ amnd 1iM^4tn'at^Ttt» of a pisiure must b» ahiftegOiiS ts words and 
that, just as we can leam a new vocabulary, so we can leam a new mode of perception. 
If a language of words can be invented such as Esperanto, why not a language of art? 
But the essence .af a picture ts ^st that tts in^tfrnatAsn is nt)t explicit. Tkei invariants 
cann»t be put into words or symbols. The depiction captures an awareness without 
describing it. The record has not been forced into predications and propositions. There 
is IK) way dP deserilifaig the amiim^s of teng in ^ eM«iwnine«t at A c^<l»in place. 
Novelists attempt it, of course, but they cannot put you in the picture in anything like 
the way the painter can. 



THE CON^OVSWEiS OF THE 
VISUAL FIELD 

The doctrine of flat visual sterifsatiOns together with the theories of sensation-based 
perception, of the cues for depth, and of how the cues get interpreted developed in 
close connection with the rise of perspective painting from the Renaissance to the 
trihdteenth century. A p»)3tui;e was obviously a patehwerk of pigments on a surface. By 
analogy the picture in the eye was a patchwork of colored light on the retinal surface. 
Hence, the deliverance of the eye to the mind was a corresponding patchwork of visual 
sensatiens. This \wss supposed to be what #ie infimt saw at birth, and what a person 
bom blind but given sight by the removal of a cataract saw when the bandage was first 
removed (Senden, 1960). The patchwork was the innate basis of visual perception, the 
product of urttutored visioi^ anprejudiced by learning. The dtity of a painter, said John 



PICTURES AND VISUAL AWAHENEgS 



Ruskin, was to recover the innocent eye of infancy in depicting nature (Gombrich, 
1960, p. 296). All psychologists accepted the doctrine of two-dimensional sensations; 
they disagreed only in that some believed the cues for depth to be wholly learned and 
others supposed that concepts of space were innate. 

It has been generally believed that even adults can become conscious of their 
visual sensations if they Uy. You have to take an introspective attitude, or analyze your 
experience into its elements, or pay attention to the data of your perception, or stare 
at something persistently until the meaning fades away. I once believed it myself. I 
suggested that the "visual field" could be attended to, as distinguished from the "vfeual 
world," and that it was almost a flat patchwork of colons, Bke a painting on a plane 
surface facing the eye (Gibson, 1950fo, Ch. 3). The awareness of depth in the scene 
could not be wholly eliminated, I thought, but it could be reduced. The similarity to 
a painting could be enhanced by not rotating the head and not displacing it, by closing 
one eye, and by avoiding any scene with motion. I recognized even then that the 
normal field of view of an ocular orbit is continually changing and that an arrested 
pattean is exceptional. 

My comparison of the visual field to a perspective painting, although guarded, now 
seems to me a serious mistake. No one ever saw the world as a fiat patchwork of 
colefs— 410 infent, no cataract patient, and net even Bishop Berkeley or Baron voil 
Helmholtz, who beheved firmly that the cues for depth were learned. The notion of 
a patchwork of colors comes from the art of painting, not 6 om any unbiased description 
ef visual experience. What one becomes aware of by holding still, closing one eye, and 
observing a fiozen scene are not visual sensations but only the surfaces of the world 
that are viewed now from here. They are not flat or depthless but simply unhidden. 
One's aittentton is called to the fact of occlusion, net 40 the pseudofaet «f (he thipd 
dimension. I notice the surfaces that face me, and what I face, and thus where I am. 
The attitude might be called introspective or subjective, but it is actually a reciprocal, 
two-way attitiAie, not a tooking inward. The surfaces viewed now from here were 
illustrated in Figure 11.1. 



WHAT IS IT TO SEE IN PERSPECTIVE? 
PATCHWORK PERSPECTIVE VS. EDGE 
PERSPECTIVE 

One can learn to view an>objeot in perspflK^ve^ or a whole vista, but 4hat d«es ncft imply 
learning to see it as if it were a picture. One does not flatten out the object or the 
scene as if painting it on a picture plane; all one does is separate the hidden fi'om the 
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unhidden surfaces and observe the occluding edges. The natural perspective of visual 
solid angles is what counts here, not the artificial perspective of pigment patches. 

Drawing in perspective does depend on viewing in perspective, it is true, but this 
only means that drawing requires the learner to notice the edges of the layout con- 
fronting him, especially the occluding edges. He must also notice other invariants, of 
course, but the edges are the fundamental basis for his picture. What we loosely call 
an outline in a picture refers to the outer edges of the £ice of an ofcject. The surfaces 
need to be specified first in a picture; the colors, textures, shadows, and illumination 
can be rendered later. I am saying that edge perspective is a fact, whereas patchwork 
perspective is a myth. One can learn to view fbaaner but not to see the latter. 

The young child learning to draw has long interested both psychologists and artists. 
When he first draws a man or a truck or a table, I suggest, he depicts the invariants 
that he has learned to notice. He does not ^aw in^pntchx^srk perspective, ibr he never 
had the experience of a patchwork. He may not yet draw in edge perspective because 
he has not noticed it. Hence, he may draw a table with a rectangular top and four legs 
at the comers because those are the invariant -features of the table he has noNced. This 
is a better explanation than saying he draws what he knows about the table, his concept, 
instead of what he sees of the table, his sensation. The fatal flaw of the latter explanation 
is that it ought to be the othev way around. The child should begin by drawing 
sensations and progress to drawing concepts. 



THE PRINCIPLES OF LINE DRAWING 

To the extent that the natural optic array is composed of visual solid angles, and only 
to that extent, the information in the array can be captured by a line drawing. The 
envelopes of the solid angles, being dlseOirflinuous, must csrrespond to discontinuities 
in the environment instead of gradual transitions. More precisely, a line drawing can 
specify the following invariants of surface layout: a comer (the apex of a concave 
dihedral), an ed^e (the apex of a convex dihedral), an occluding edge (either apical or 
curved), a wire (fiber), a fissuie (crack in a surface), and a skyline (division between 
earth and sky). A line drawing cannot specify the following invariants: the shading on 
a curved surface, the penumbra of a cast chadow, the texture of a surface, or the 
reflectance (color) of a surface, although it can specify an abruptdiscontinuity of shading, 
of texture, and of color. The features of a terrestrial layout that can be shown by lines 
are illustrated in Figure 15.4. 

The lines of a line drawing must connect with one another. They divide the picture 
into superordinate and subordinate areas in a lawful way. There must be visual solid 
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angles at the station point of the picture analogous to visual solid angles at the point of 
observation of a natural optic array, those coming irom the faces of surfaces, ft om the 
openings between surfaces, and fiom the patches of sky. The lines that separate areas 
on the picture piane should thwelbre not be called o^iWeS, for this term implies 
detached objects in empty space and the fallacy that figure-on-ground is the prototype 
of perception. The term refers mainly to the occluding edge of a detached object but 
not to that ofwi aperture. A Ine in a line 'Ssmwing can oodude either inward or outward 
depending on its connection with other lines. And a convex or concave dihedral, the 
junction of two planar surfaces, is given by a line, but this is not an "outline." The 
term outMne drauikf^ should be eoTlRne4 to the unuSlial ahA riiisleading case of a line 
with closure, one that returns upon itself, a form, and this kind of display contains only 
the weakest sort of information about anything, as I pointed out at the beginning of 
this rfiapter. It does not even specify the solid shape of a detached object. 

The information in a line drawing is evidently carried by the connections of the 
lines, not by lines as such. To put it another way, the invariants are found in the ways 
that the areas are nested, not in the forms of these areas. These ways are diSicult to 
describe in words. The connections, junctions, and intersections of lines remain invar- 
iant under a changing perspective of the surfaces. 



Figure 15.4 

Some tff the possible meanings of a line: corner, edge, occluding edge, 
wire, fissure, sliyline, horizon, margin. 
Can you find all these things in the picturs? 
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A line segment in a drawing connected at one end in one way and at the other end 
in an incompatible way may specify a discrepancy in the layout of suifaces. This is the 
basis, I think, of the depictions of "impossible objects" that have recently gained popu- 
larity. The best known is perhaps the three-pronged tuning fork. At one end it is two 
rectangular bars, but at the other it is three cylindrical bars. How can this be? 

In Figure 15.5, line I and line 6 are so connected at botli ends that they specify 
occluding edges, although they &e c^^dd occludii^ edges on t^e left and apical 
occluding edges on the right. Line 2 is connected so as to specify a curved occluding 
edge on the left but a convex dihedral edge on the right. So is line 5. Line 3 produces 
a genuine shock to the visual system, ferr ft occludes the bacl^Nund on its lawer side 
at the left end but occludes the background on its upper side at the right end. Line 4 
does the same, but inversely. The reversal of the direction in which the virtual edge 
tiM^ or eotfceals is disconcefiing. It involves what I will call an ecological contradiction 
as distinguished from a verbal contradiction. The transition from surface to air cannot 
possibly reverse in this way. The discrepancy of information is clearly to be found in 
the diffeftent connefetions of the line segment at its two ends, as is evident if one covers 
up one end and then the other. 

These anomalies of depiction can be combined in very elaborate ways, as the 
drawings of the Dutch gmphic arttst Escher have demonstrated. Far ii'om proving that 
the beholder creates the world he perceives in a picture, however, they suggest the 
existence of laws of optical information that are general and exact. 

One thing at least should be clear: the "lines" of line drawings and the "lines" of 



Figure IS.S 

Anomalies of pictorial occlusion. The incompatible connections of a line 
segment at its two ends. 
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geometry are entirely diff««nt. The depicting of surfaces should not be confused with 
the ghosts of abstract geometry. We are taught in geometry that a line is derived from 
points, a plane fi-om lines, and a space from planes. We learn the three axes of 
Descartes's coordinate geometry and the concept of space as a sort of boxhke container 
of points and lines that combine to make planes and solids, conceived for the benefit 
of abstract physics. Hence, the modem artist is constrained to assume what Paul Klee 
asserted, namely, that the graphic elements available to the printer are "points, lines, 
planes, and volumes." When the artist works to capture invariants, all that he knows 
to say about what he is doing is that he depicts "space." But this is misleading. 

J . M. iK^^edy (1974) has described many of the diai^teristies of line <^awings 
in much the same spirit that has been adopted in this chapter. But his conception of 
optical information is imprecise, it seems to me, since it is not based on ecological 
optics. 

The capturing of optical invariants by line drawings is a fascinating exercise. It has 
seemed to be both familiar and mysterious. It is not, however, fundamental. Much of 
the inforniation bi a naituFal optic array is lost iti a drawing inasDnuch as the array cannot 
be reduced to nested solid angles. The invariants under changing Aimination and 
those under the changing direction of the prevailing illuminab'on (Chapter 5) are lost. 
So are the invariant relations that spe«{y the texture and colors of surfaces. Some of 
these are captured by painters who use a variety of tools other than the pen or pencil. 
But mostly what is lost in a picture, drawing, painting, or photograph is the information 
that can be extracted only fi-om the changing ^fsiiectjve structure of the ambient optic 
array of a moving observer. 



Figure 15.6 

Four difrerenl types of occlusion as specified by diffwent modes of intersection of the 

same line segments. 

The connections of the lines in a drawing convey the information, not the lines as such. What 
dilfers in these drawings is the information for perceiving occlusion, not for perceiving depth. The 
information displayed in the third drawing is contradictory. The information displayed in the 
fourth Is imbiguotis. because either of two positions of the cube is possible, and the perception 
therefore ftuctuates. 



<> 0] 



1. Opsnii^ ^utfiifiF^o' 

a substdnlt^ Cody 



.\numalou8 t^ohisttin 




4: EiakiW tiwnspitrtn; 



DEPICTION 



SUMMARY 

The perplexities cormected with the making and seeing of pictures are problems in 
their own right, independent of the problems of direct visual perception. 

It is a fallacy to assume that perception is simplest when there is a form on the 
retina that is a copy of a form on a sur&ce facing the retina, that is, in point-to-point 
correspondence with it. 

The information in the optic array fi om a picture to a point of observation consists 
of invariants, not of forms and colors. 

A picture requires two kinds of appr^endon, a ^ect perceiving of the picture 
surface along with an indirect awareness of what it depicts. This dual apprehension is 
inescapable under normal conditions of observation. The "fooling of the eye," the 
ilhisi&n of reality*, iiees not tinen occttr. 

When young children learn to draw, they certainly do not begin by drawing their 
sensations in patchwork perspective and then progress to the stage of drawing their 
concept, But neither do #ieiy begin by drawing \hak concef>ts and then progress to 
the stage of drawing their sensations. They simply draw the invariants they have 
learned to notice. 

A picture is a record of what its creator has seen or imagined, made available for 
others to see or imagine. 

Depicting should be distinguished from the decorating, ornamenting, embellish- 
ing, or beauti^ing of a surface considered as such. The problems of aesthetics exist in 
their own right. 
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MOTION PICTURES 
AND 

VISUAL AWARENESS 

I suggested in the last chapter that a picture is a surface so treated as to make available 
an arrested optic array, of limited scope, with information about other things than the 
suK&cje itself. What, then, is a motion picture? There is a treated surface, but the 
treatment has to consist of throwing shadows on the surface by projection instead of 
depositing traces or pigments on it. An optic array of limited scope is delivered, and 
it contains information about other things thaTi just the surface Kself. The main differ- 
ence is that the array is not arrested. Its structure undergoes change, disturbance, 
or transformation. It is not frozen in time. And that is what we need to understand 
about it. 

This definition of the motion picture is broad enough to include not only the kind 
made with photographic film that uses the stroboscopic principle in the projector and 
camera but also tbe kind ntade in&i a mddulated scmning beam as in t%le^sion, and 
the kind made with shadow's projected on a translucent screen as in a shadow play, and 
the various kinds made with the optical gadgets now being tried out experimentally by 
kinetie artists. 

The technology of cinema and television has reached the very highest level of 
applied science. The psychology of the awareness provided by a motion picture, 
however, is nonexistent, ^art from an essay b^ Ji Hechberg and V. ^cfoks (197S), to 
whom I am indebted for much good talk about the problems of the film. There are no 
experts on this form of perception. Muddles and miscx)nceptions prevail. We are led 
to conceive a sort of apparatus inside the head that is sftnilar to the apparatus for 
making a picture show outside the head. We have been taught that a picture is sent 
from the eye up to the brain, and so we conclude that a series of pictures can be sent 
up to rtie brain. We all Idiow what a snapshot is, and we know thftt a film is a series of 
snapshots. If we are told that a movie presents us with a sequence of retinal snapshots 
joined by what is called the "persistence of vision," we believe it. But we are misled. 
Nevertheless, this is *hat we are told by movie commentators who have reifl physie*- 
logical optics and believed it. 

The motion picture camera and projector do not comprise the only method that 
can be used to produce a changing optic array. Nor is- the stiidsosGOpie pMncipJe the 



only principle that can be applied. There are other ways of doing it, and the inventors 
of the nineteenth centur\' tried out dozens of gadgets with names such as kinescopes 
an^ kinegraphs, vitascopes and vitagraphs, that have new been mostly (brgotten. It is 
not even always true that the motion in a changing array is "apparent" and not "real." 
The important thing is not the apparatus devised for the motion picture but the 
information it provides for our vision. 



TBE CHANGING OVTtC ARBAY 

Let us recall once again that the arrested optic array is an unusual case of the changing 
array; it is obtained in a frazen world by an observer who holds still and uses one eye. 
The eye continues to work, but it is not what the organ evolved for. Vptical rest is a 
special case of optical motion, not the other way around- The eye developed to register 
change and fraitsibrmation. The retinal image is seldom afn arfested image in life. 
Accordingly, we ought to treat the motion picture as the basic form of depiction and 
the painting or photograph as a special form of it. What a strange ideal It goes counter 
to ad we have been told about optics. B\A it f6llews dfrectly from ecological optics. 
Moviemakers are closer to life than picture makers. 



THE PROGRESSIVE PICTURE 

Unfortunately, we have no adequate term to describe what I will call the progressive 
picture as contrasted with the arrested picture. The term motion picture implies that 
motion has been added to a still picture. Cinematography , or cinema, is no better. The 
term photoplay is not right. Film sounds neutral, but live television does not use film. 
What gets depicted is a flow of events. What gets displayed are disturbances of structure 
in the array, with underlying invariants of structure. These are what the visual system 
picks up. 

The progressive picture displays transformations and magnifications and nullifica- 
tions and sndstitutions of structure along with delettons and a^a'etions and slippage of 
texture. These are the "motions" of the motion picture, as I put it in Chapter 6. They 
are thoroughly saturated with meaning. They are lawful, even if not described by 
geometry. They can show people, animals, objects, places, and events with the utmost 
precision and elaboration. They need to be studied by experimental psychologists on 
the one hand and by experimental moviemakers on the other. They cannot be usefully 
Studied by taking the paragmelei^ of "motion" and ||Jodding ^sm^ ^§ 4^^ematic 
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variations of the traditional experiment. But on the other hand, neither can they be 
understood by playing around with aesthetic intuitions. 

The progressive picture can also of course depict the movement of the observer 
himsel? in the environment as well as the motions of objects: it can arouse visual 
kinesthesis as well as visual event perception. This &ct was pointed out in Chapter 10 
and will be ftirther discussed later in this cttaptttlr. 

The progressive picture can turn into an arrested picture if a "stop-action" shot is 
inserted in the sequence. This is much used in Rim and television nowadays. The 
difierenees between the two kinds of depiction become clearly evident, ^ng with the 
similarities between them. 

THE ARRESTED PICTURE 

If it is true fhat a drawing, painting, or photograph is actually an arrest ofthe normally 
changing array, we shall have to revise our thinking. The arrest has to be artificial, for 
no event ean be stopped in midflight. It is an abrupt noncoi\tinuation of the event, 
with a continuing nontransformation of the array. The picture is not, as we have 
supposed, the optic array at an instant, a single moment of time, but an unnatural 
stQQping of the flow. The painter of a quiet landscape, to be sure, arrests only the very 
slowest of the changes and emphasizes what is invariant in the scene but nevertheless 
stops action. 

We can now understand, I think, why painters stubbornly continue to insist that 
they can portray "motion" in a still picture. This is one of the paradoxes mentioned in 
the last chapter. Painters cannot diSfitajr otr represent motion, but they can certainly 
specify an event. The stopped event may contain the information for perceiving it. The 
wind in the trees can be depicted if the painter selects the right form in the transfor- 
mation. So can the smile of a sitter for a portrait. The act of dancing can be conveyed 
by a photographer because the invariants are different fiom those of standing or walking. 
There are event-invariants as well as formless object-invariants. 

The arrested picture can specify a progressive event. What^e progressive picture 
can do is to specify it more completely. As for the fbrmJess invariants, they are stronger 
in a changing picture than they are in a changeless picture, but they are still present. 



WHAT CAN THE MOVIES MAKE AVAILABLE? 

The film, like the photograph and the painting, makes possible not only perceptual 
awareness but also several kinds of non perceptual awareness. I refer -ID l^ e^tQtd "film 



made with a motion picture camera or its television equivalent. The perception or 
imagination is vicarious, an awareness at second hand. Consider the possibilities. 

A film^can depict Situations and problems that you will have to face at a later time, 
we call this an educatitnal film. It can depict vistas of distant scenic places to which 
you may never go and the connections between vistas, atravelfilm. It may show events 
that happened only yesterday, a news film. It may depict ways of life, histories, 
adventures, encounters with wondrous persons, prophetic events, fictions, and fanta- 
sies; we call these documentary films, historical films, adventure films, and wish- 
fitlfillment films. They are usually full of what their producers call "action." We are 
addicted to them, all of us, children and adults. The beheiyer is apt to identify himself 
with a protagonist to whom he feels sympathy, and this means he puts himself at the 
point of observation of the protagonist in the way I have described. He thus gets 
perception, knowledge, imagination, and pleasGMe at second hand. He even gets re- 
warded or punished at second hand. A very intense empathy is aroused in the film 
viewer, an awareness of being in the place and situation depicted. But this awareness 
is dual. The beholder is helpless to uttervene. He can find out nothing for himself. He 
feels himself moving and looking around in a certain fashion, attending now to this and 
now to that, but at the will of the film maker. He has visual kinesthesis and visual self- 
awareness, but it is pas^e, iwt active. 

To behold a motion picture is thus similar in important ways to observing the 
ordinary happenings of life. But it is also radically dissimilar in other ways that are just 
as important. Both need to be understooii. In the case of the film, one's movements 
of approaching to scrutinize or retreating to get a fuller view are controlled by the film 
maker. In the case of the real environment, one is free to move as one pleases, that is, 
as one "wills." But note that the scanning ef ime d^ails in Hie^array sanr>^ is free and 
unconstrained in both cases. The film makercannot interfere with your eye movements. 
He can control only your head movements and your locomotion. 



WHAT DOES A VERBAL NARRATION 
MAKE AVAILABLE? 

A narration or description can also of course give one the kinds of awareness at second 
hand that the film can. And the reader is controlled by the writer as much as the film 
viewer is controlled by the film maker. Neither t!an look for herself, or visualize for 
herself, or imagine for herself She is at the mercy of the artificer, the artist, the maker, 
the one-who-shows. But let us not confiise the kind of information that has been put 
into words with the kind that has been steniily ^phayed. Fliflft is net =8 language with 
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a grammar, as some film makers like to believe. A graphic depiction is not an explicit 
description and, similarly, a motion picture is not a verbal narration. 

A THEORY OF FILMING AND FILM-EDITING 

The ecological theory of perceiving advanced in this book has implications for film- 
making. Film-viewing, I said, is both similar and dissimilar to natural obseiving. Let 
us follow up this suggestion, 

THE COMPOSITION OF A FILM 

A motion picture is composed of virtual events joined tegether. One kind of junction 
is obtained by turning the camera frsm one event to another ducing a continuous run 
of film (panning) or rolling the camera stand fi'om one location to another during a run 
of film {dollying). But another kind of junction is obtained by splicing together strips 
of film, ea@h being the result ^ a single run called a take or a shot. These jimctk>ns, 
the transitions between the events displayed, are crucial for film-making. Events have 
to be nested in a coherent way if the superordinate events are to be intelligible. 

Note that the cameraman or motion picture photographer is^ tlie person who moves 
the camera and changes the lenses, whereas the editor or cutter is supposed to be the 
one who puts together the shots, using either splices called cuts or other optical 
transitions (telled fad^, ieipes, dissMms, and tbe like that are made by photegraphie 
special effects. But both functions ought to be performed by the same person, or at 
least under the direction of the same person for, if I am right, the cameraman and the 
edftor are doing the same thing. Camera movement and film-splicing are not separate 
kinds of ceniiiDBtiDn. 

THE CAMERA AND THE HEAD OF THE VWWER 

The motion picture camera oeiupn^s a potnt cff obserration in a studio set or on a real 
location, just as the head of an obsei"ver does in an ambient environment. The camera 
can turn, look up or down, and undergo locomotion, more or less as the head does. 
The field of vi&w of the camera is analogous to the combined fieM ef view of the eyes 
in the head in the sense that both fields are bounded by occluding edges, although the 
visual solid angle sampled by the camera is much smaller than the visual solid angle 
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sampled by the head, which is nearly a hemisphere. Note that the light entering an 
eye and forming a retinal image is emphatically not analogous to the light entering a 
camera, as photographers assume. 

In this analogy, the camera, film, projector, and screen are all components of the 
same device, a way of pro\iding information to a seated viewer. The field of view of 
the camera becomes the optic array to the* viiewer, even when he is not placed so as to 
get the saine-sized angular field of view that the camera got. The screen picture 
functions as a moltfe window hiding most of the environment being filmed, and the 
edges of the picture can sweep over the ambient array of the environment in the way 
described in Chapter 12, with gain and loss at the leading and trailing edges of the 
picture. The seated viewer never actually turns his head, of course, but he gets the 
essential optical information ibr doing so. And tfius, he becomes aware of a whole new 
world behind the magic window. 

The window can turn sideways quite naturally. This is called panning, on the 
intuitive belief that the awareness becomes "panoramic" during such a shot. It does in 
a way, but not because the picture is panoramic. The window can also look up or down. 
Theoretically it could also tilt, although this is seldom done in practice. The edges of 
the window can also go forward or backward, or travel sideways, when the camera is 
moved on a dolly, truck, or crane. The dolly shot is a well-known way of moving close 
up so that an item of interest fills the window or &r back so that a whole array of items 
is included. The use of a zoom lens that alters the field of view fiom wide angle to 
narrow angle or the reverse is now common as a substitute for the dolly shot. It too 
gives the feeling of approach or retreat, but the dolly shot is preferable when it is 
possible, for the zoom shot cannot display the deletion or accretion that occurs at 
occluding edges. 

The modes of camera movement that are analogous to the natural movements of 
the head-body system are, in this theory, a first-order guide to the composing of a film. 
The mo>iing camera, not juit the .nto\^SWtiint in the picture, is tili!^ rMsdfc for the 
empathy that grips us in the cinema. We are onlookers in the situation, to be sure, not 
participants, but we are in it, we are oriented to it, and we can adopt points of 
ohsmvMUti within its S|iace. Thie illuslota of paitieifaHDia em 'be eHhanced by hav^itg 
the camera occupy the point of observation of one of the protagonists in the story. This 
has been done commercially only once to my knowledge, in The Lady in the Lake, a 
Hollywooid mufder mysteiy in which Robert Montgomery played the hero but was 
scarcely visible since his acts of locomotion and exploration, his adventures, and his 
encounters with the woman and the villain were carried out by the camera. It was the 
camera that was punched A tfie face and ki^d by the woman. The so-calle(i<^ubjective 
camera does not deseive the neglect in which it is now held by film producers. 

Films for training and education can profit by having the camera occupy the point 
of observation of the learner. A student can be shown what it is like to land an airplane 
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or operate the controls of an earthmover or tie knots. But because a theory of visual 
kinesthesis and control has been lacking (Chapter 13), the method has not been 
exploited. 

THE PSYCHOLOGY OF FILM-SPLICING 

We have been talking about the filming o f natural movements; what about the joining 
of shots? It seems plausible to me that the various kinds of cutting that a film editor 
can perform also have analogues in perception and that the insertion of fades, wipes, 
dissolves, and other special effects is at least an attempt to create transitions with 
psychological meaning. Composers of film are guided only by their feeling for what 
works. Some film theorists, as we shall note, try to take lessons firom painters, but the 
lessons to be learned are not clear. 

A cut represent a disptacement of the camera between shots. The most intelligible 
cuts, I suggest, are those between shots that have some invariant structure in common. 
A displaeement of the camera forward or backward yields a structure that is magnified 
or minified, and one sees the same layout afterward as before. Such a displacement is 
the same as a dolly shot or a zoom, except that it m Jisconltnuous. The familiar 
sequence — long shot, medium shot, close-up — has a common structure at the center 
of the picture. A rotary displacement of the camera yields a shot that overlaps its 
predecessor unless the angle is greater than the camera's field of view. It is thus the 
same as a pan. 

Next, there are cuts in which the viewer is displaced on a circular path around the 
event being filmed. He sees the lovers, say, from the north where the man's face is in 
sight and then from the south where the woman's face is in sight. Such differing vantage 
points, revealing different surfaces, seem to be called "camera angles," but it is not a 
gaod term. If underijring Invariants are shared, the viewer will perceive the same two 
persons as before and be aware that he has been instantly transported to another 
viewpoint, not that the lovers are different persons or that they have been rotated. 

Instant transportation of the onlooker can be ^em^ed fmm one room to another 
in the same house or fiom one neighborhood to another in the same countryside — in 
short, from place to place. Intelligibility depends on whether the viewer has been 
previously "e^ientiiSd tw tfSe envir»nment being portrayed^ that is, whether the nesting 
of places has been established. This can be done with establishing shots, and it can also 
be done by connecting the major vistas of the environment with dolly shots. Orientation 
is crucial Icxr ebmppshenstot. 

Cutting back and forth between distant places, as in scenes of the heroine tied to 
the railroad tracks and the hero riding to the rescue, ought to suggest that the hero is 
getting closer, not farther away. The events are concurrent, but at what'plsices? Chase 
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sequences have a similar problem. There is no overlap of structure between such 
alternating shots, but there must be some common invariants. What are they? 

The split screen provides a way of depicting concurrent events at widely separated 
places without cutting back and forth. Instant transportation of the onlooker is avoided, 
but the ecological paradox of being in two places at once is introduced. 

Instant transportation in time is attempted by the so-ca\\edflashback. Characters 
who have already been depicted in later events are depicted as involved in earlier 
events, often in the same place. But the jump in sequence, like the jump from place 
to place, must be made intelligible. Aristotle had a psychological point when he argued 
that drama should maintain the "unities" of tim§ and space. 

The cut is abrupt. Gradual transitions am possible, such as the ^ade-out, the fade- 
in, and file combining of the two in a dissttte fhat superimposes the structures of the 
two shots so that a perception of transparency is induced and one layout of surfaces is 
gradually converted into another layout by way of becoming insubstantial, by passing 
into "thin air" and out again. Another gradual transition is the wipe, where a line 
something like an occluding edge (but not optically the same) passes acioss the screen, 
concealing one vista and revealing another. The psychologieal meaning of these tran- 
sitions has never been studied experimentally by either filnfi editors or perceptionists, 
but the ecological approach to vision suggests how they might do so. Cuts, fades, 
dissolves, and wipes are not pure conventions the meaning of which can be arbitrarily 
decided by film makers and taught to us. The practice of jump-cutting in films and 
television seems to me ill founded. 



THE THEORY OF MONTAGE 

A quite different theory of the nature of filmic transitions seems to be widely accepted 
by directors and critics. This theory is based on the assumption that any juxtaposition 
of shots, however disparate, will form a unified "image" with a new meaning. The 
combination is more than the sum of the parts. The doctrine is identified with a book 
translated as The Film Sense (Eisenstein, 1942). The author, a famous Russian director, 
is celebrated for the boldness with which he combined shots of events that did not 
ordinarily occur together. 

Montage, in this sense of the term, is related to collage. The latter was invented 
by painters who tried composing a work of art by pasting items on the canvas instead 
of painting forms on it. The associating of scraps, pieces, pictures, or forms not previ- 
ously associated was thought to yie\d a fresh insight, or an unexpected gestalt. The 
word collage means a paste-up. The creation could be photographed and displayed. 
Similarly, strips of film could be spliced together. "The juxtaposition of two separate 
shots resembles not so much a simple sum af one shot pUis^ aitelher-dtot as. it idies a 



creation" (Eisenstein, 1942, p, 7). The vague aesthetic optimism of this movement 
stands in contrast to the theory of natural underlying invariants of structure. But it had 
and has a considerable influence on both graphic artists and film artists. 

The composing of a film, however, is not comparable to the composing of a 
painting. The film is composed of events and superordinate events, of episodes, hap- 
penings, and history. The linkages must be made with care, and the continuity must 
be preserved. At the end all the minor events should constitute a comprehensive major 
event. 

I have said nothing in this treatment of the motion picture about the flow of sound 
that accomparass the flow of the Aptic arr^, (he sownd traek that parailek the picture 
track. I have been discussing the silent film, for purposes of theoretical simplicity. The 
sequence of events in \iie is given by the acoustic flow of information as well as 
the optical flow, and accordingly, in film, the sound track is exactly lyncbrbflfized with 
the picture track (with the exception of music). This helps to maintain the continuity 
of the viewer's awareness in the face of jump-cutting. But the theory of the invariants 
uftd^ auditory change and their relation to iitvariants under visual ebange is another 
matter entirely. They are not the same for the flow of environmental sounds as they 
are for the flow of speech sounds (Gibson, 1966fa, Ch. 5). 



DEPICTION BY FILM 

If the foregoing approach is correct, there is such a thing as filmic depiction that is 
distinct from ordinary depietion. Its aim is to produce in the viewer the awareness of 
a train of events, and of the causal structure of these events. They are virtual instead 
of real events, to be sure, and no one is ever wholly deceived, as when having a 
hallucination, but the feeling of being presetft* iri the world behind the m'%ic window 
is very strong. 

This awareness of events is achieved by segmenting the flow of the pictorial optic 
afrty so l^tat it specifies the s^e kinds of subordinate and superordinate happenings 
that are specified in a natural optic array. Persons, animals, places, objects, and 
substances are depicted along with the events. The segments of the optical flow are 
crBci3l, that is, the transients between parts as well as the parts themselves. Simply to 
call them "motions" is not to do justice to them. 

Filmic depiction shares with verbal narration, storytelling, the capabihty of show- 
ing w'haft happens if So-and-so ha^peiis, the prfedicfable causal sequent* of fhe world, 
along with the accidental happenings, the unpredictable sequences. But it shares with 
ordinary depiction, perspective pictures, the capability of putting the obseiver into the 
scene. 



MOTION PICTURES AND VISUAL AWARENESS 



SUMMARY 

What we call the motion picture as distinguishecl from the still picture migtit better be 
called the progressive picture as distinguished from the arrested picture. It is not 
characterized by "motion" so much as by change of structure in the optic array. And 
the ordinary picture is not so much "still" as it is stopped. 

The progressive picture yields something closer to natural visual perception than 
does the arrested picture. The nameless transfi>rmations that constitute it and that are 
so hard to describe are actually easier to perceive tham the familiar frozen forms of the 
painting or photograph, 

It provides a changing optic array of limited scope to a point of observation in 
front of the picture, an array that makes information avattable to a Viewer at the poin^ 
of obser\'ation. This delimited array is analogous to the temporary field of view of a 
human observer in a natural environment surrounding the observer. 

The information in the display can specii> the turning of one's head, the act of 
approaching or withidrawing, and the adopting of a new point ef observation, although 
one is all the time aware of holding still and looking at a ssneen from a fixed position 
in a rooih. This is dver and above the information in the display for an awareness of 
events and the places at which the events are happening, along with an awareness of 
the objects, persons, or creatures of the imagination to which the events are happening. 
The invariants to speci{v the places, objects, and persons emerge more clearly in the 
transforming array than they would in a frozen array. 

The art of film-editing should be guided by knowledge of how events and the 
progress of events are naturally perceived. The composing of a film is not analogous to 
the composing of a painting. The sequential nesting of subordinate events into super- 
ordinate events is crucial. The transitions should be psychologically meaningful, and 
the sequential order of happenings should be intelligible. But the picture theory of 
vision and the stimulus sequence theory of p^eptiort are very poor guides to movie- 
making. The theory of ecological perception, of perception while moving around and 
looking around the environment, is better. The various kinds of filmic transition — 
zoom, dolly, pan, cut, fade, wipe, dissolve, and split-screen shot— could usefully be 
evaluated in the light of ecological optics instead of the snapshot optics that is currently 
accepted. 



DEPICTION 



CONCLUSION 



In the first pages of this book, I promised to give an account of natural vision, not just 
snapshot vision but vision that is ambient and ambulatory. Ambient visi^h is what you 
get from looking around at the scenery. Ambulatory vision is what you get {rem walking 
through the countryside. 

The standard approach to vision begins with the eye fixed and exposed to a 
momentary pattern of stimuli. It then goes on to consider vision with the head fixed 
and the eye allowed to explore the pattern by scanning it, that is, by looking at parts 
in succession. Each fixation is a glimpse of the pattern comparable to a momentary 
exposure and is thus supposed to be analogous to a photographic snapshot taken by a 
camera with a shutter. Each successive snapshot is assumed to be transmitted to the 
brain. The result of all this is aperture vision, a sequence of snapshots. 

The standard approach never gets around to ambient vision with head turning, 
and it does not even consider ambulatory vision. The process of perception is supposed 
to be localized in the head, not in the muscles, and it begins after the sensory input 
reaches the visual projection area of the cerebral cortex. The mind is in the brain. 

The ecological approach to visual perception works from the opposite end. It 
begins with the flowing array of the observer who walks from one vista to another, 
moves around an object of interest, and can approaeh ii for scrutiny, thus extracting 
the invariants that underlie the changing perspective structure and seeing the connec- 
tions between hidden and unhidden surfaces. This approach next considers the fact of 
Anbient awareness and explains it by the invarianae of the sliding samples of the 360° 
array. Only then is the awareness of a single scene considered, the surfaces seen with 
the head fixed and the array frozen. The classical puzzles that arise with this kind of 
vision are resolved by recognizing t'hat the invariants are weaker and the ambiguities 
stronger when the point of observation is motionless. Finally, the kind of visual aware- 
ness obtained with the eye fixed and the retina either briefly exposed or made to stay 
fixed Is ■eonsid'^red for what it t%, a peculiar resiik «srf" trying to make the eye work as if 
it were a camera at the end of a nerve cable. The visual system continues to operate 
at this photographic level, but the constraints imposed on it are so severe that very 



little infonnation can be picked up. The level is that of cellular physiology, the pho- 
tochemistry of retinal cells, the anatomy of the nerves and tracts, and the firing of 
nerve impulses. 

The artificially produced glimpse is an abnormal kind of vision, not the simplest 
kind on which normal vision is based. It is a ^or sort of awarenesss. But it has seemed 
to be fundamental for hitherto persuasive reasnnS: it resiltts from an image; it oomes 
fiom a stimulus; it is a sensory input; it is what the nerve transmits. But if this is so, 
how could the series of glimpses be integrated? How could the sequence, as I put it, 
be converted into a scene? 

If perception of the environment is truly based on glimpses, it has to be a process 
of construction. If the data are insufficient, the observer must go beyond the data. 
How? Some of the greatest minds in history have undertaken to answer this question 
without success. 

I suggested in Chapter 14 that explanations of perception based on sensory inputs 
fail because they all come dow-n to this: In order to perceive the world, one must 
already fiave ideas about it. Knowledge of the world is explained by assuming that 
knowledge of the world exists. Whether the ideas are learned or innate makes no 
difference; the fallacy lies in the circular reasoning. 

But if, on other har^, per«ei»tion of the environment is not based on a sequence 
of snapshots hut on invariant-extraction from a flux, one does not need to have ideas 
about the environment in order to perceive it. .\nother puzzle is resolved at the same 
time, the awareness onaself in ^ wtvirdninent. The 'yt>iing child does not need to 
have ideas of space in order to see the surfaces around him; he need pay no attention 
to the cues for depth if he can see the layout; he need not compensate for the small 
retinal image of a distant surface if he never notices the image but only extracts the 
invariant. 

Such is the ecological approach to perception. It promises to simplify psychology 
by mdlcing (Ad puzzles disappear. Especially do all the genuinely mischtef -making 
puzzles connected with the concept of an image become irrelevant. How can one see 
an upright world with an inverted retinal image? Why doesn't the object change when 
its retinal image is transposed over the retina? Where is the little man who locflis at the 
image? If the two eyes yield a double image of a single eb^ect under some conditions, 
why not under all? 

The very notion of an image as a flattened-out ob ject, a sort of pancake of a solid 
body, is shown to be misleading. It begins to appear that most of what has been written 
about pictures and images over the centuries is misleading, or hopelessly vague. We 
should forget it all and start fresh. Tlie information for the perception of an object is 
not its image. The information in light to specify- something does not have to resemble 
it, or copy it, or be a .simulacrum or even an exact projection. Notliinfi is copied in the 



hght to the eye of an observer, not the shape of a thing, not the surface of it, not its 
substance, not its color, and certainly not its motion. But all these tilings are specified 
in rtie light. 

What is the future of this approach? It needs to be tested experimentally, it needs 
to be clarified further, and its implications need to be followed up. It already has 
adher««hts, and thrt- work is beginning to appear. Robert Shaw has been thinking along 
the same lines for some time, and he is developing the theory of invariants (Shaw and 
Mclntyre, 1974J and the implications for epistemology (Shaw and Bransford, 1977). 
William Mace has been expounding and ^aborating the approach (Mace, 1974, 1977). 
Michael Turvey has been considering how to unify visual perception and action (Turvey, 
1977). David Lee has been experimenting with visual kinesthesis (Lishman and Lee, 
1973, Lee, 1974). and so has Rik Warren (1976). Above all, Eleanor Gibson has 
published a treatise on the development of perception from an ecological point of view 
(1969) and is carrying out experiments with infants on their discrimination of optical 
transformations (1978). Even the leading exponent of cognitive psychology, Ulric Neis- 
ser, has been sufficiently impressed with the advantages of this approach to describe 
it sympathetically in his new book (Neisser, 1976). 

Nevertheless, as I pointed out in the Introduction, experimental studies that 
display optical information are not so easy to perform as the old-fashioned experiments 
that expose a stimulus to a fixed eye. The experimenter cannot simply apply a stimulus 
that he *aries systematically, the "independent variable" of the scientific: experiment. 
InSte^, he must make available an optical invariant that he expects will specify 
something about the world on grounds of ecological optics. This takes ingenuity. Only 
a few experimenters have learned to do it as yet. But it can be done. 

The experimenter should not hope, and does not need, to display all the infor- 
mation in an ambient optic array, let alone all the infonnation in a transfonning ambient 
optic array. He is not trying to simulate reality. He could not create the illusion of 
looking aramnd and walking through the ciSuiit1-y^4e in any case, for he would have to 
create the countryside. He should not want to deceive the observer. The observer who 
begins to be fooled should be allowed to make the standard tests for reality, such as 
getting up and looking behind the sereen of the display. The information tor a certain 
dimension of perception or proprioception can be displayed without interference from 
the accompanying information to specify the display. That is the lesson of research on 
pictures and motion pictures. What is required is only that the essential invariant be 
isolated and set forth. 

The experimental psychologist should realize that he cannot truly control the 
pereepWWi of an observer, for the reason that it is not caused by stimuli. Only snapshot 
vision is triggered so that it can be touched oflTby imposing a stimulus on the receptor, 
and even then one has to have the agreement of the subject to look into the tachisto- 



CONCLUSION 



scope. Perception cannot be studied by the so-called psychophysical experiment if that 
refers to physical stimuli and corresponding mental sensations. The theor)' of psycho- 
physical parallelism that assumes that the dimensions of consciousness are in corre- 
spondence with the dimensions of physics and that the equations of such correspon- 
dence can be established is an expression of Cartesian dualism. Perceivers are not aware 
of the dimensions of physics, They are awa«e of the dimsnsions of the information in 
the flowing array of stimulation that are relevant t« their lives. 
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APPENDIX 1 



THE PRINCIPAL TERMS USED 
IN ECOLOGICAL OPTICS 



The environment of animals, as distinguished from the physical world, consists of a 
medium, substances, and the surfaces that separate the substanfes from the medium. 

The medium tior te^estrial animats is air. Air is insubstantial and thus permits 
locomotion Locomotion is controlled by the information in the medium. 

Information is provided by sound-fields, by odor-fields, and above all by illumi- 
nation. Information, in this terminology, is not transmitted but is simply available. 

Illumination is the steady state of reverberating radiant energy such that light is 
ambient at all points in the medium. 

Substances are solids and liquids that 'i^ry in composition, and in resistance to 
change. Diflerent substances have diflerent affordances. Substances are generally 
opaque, that is, they reflect and absorb but do not transmit. 

The surface of a substance has a characteristic texture, reflectance, and layout. 
The ambient light at any point in the medium is structured by the light reflected from 
surfaces so that these characteristics are specified. 

Smf«res, substances, and fhe medium manifest both persistence and change, 
persisting in some respects and changing in others. The changes are environmental 
events. Animals need to perceive what persists and what changes. A surface goes out 
of existence when its substance evaporates or (ftsintegrates; a surface comes into exis- 
tence when its substance condenses or crystallizes. 

Layout refers to the persisting arrangement of surfaces relative to one another and 
to the ground. Diflierent layouts have different affordances for animals. The perception 
of layout takes the place of the pert-eption of depth or space in traditional terminology. 

The ground is the basic persisting surface of the environment. It is the surface of 
support, the tierrani, the e>arth extending eut to the hort20n. It is iwrmally cluttered. 

Clutter of the environment refers to objects or surfaces that occlude parts of the 
ground and divide the habitat into semi-enclosures. Semi-enclosures provide vistas. 

A detached object is a substance with a surface that is topologically closed and is 
capable of displacement. Animals are detached objects. 

An attached object is a substance with a surface that is not wholly closed and is 
centitiu^s vb#h afiofher surface, (isually the grouri'd. It eafihot displaced without 
breaking the surface. 



An wig? is the junc tion of two surfaces that make a convex dihedral angle. 

A corner is the junction of two surfaces that make a concave dihedral angle. 

An occluding edge is an edge taken with ref<?rence to a point of observation. It 
both separates and connects the hidden and the unhidden surface, both divides and 
unites them. The same can be said of the far side and the near side of an object. As the 
point of observation moves in the medium, or as the object moves, the hidden and the 
unhidden interchange, or the far side becomes the near side and the reverse. For 
curved surfaces and tangential occluding edges, instead of flat suHates and apical 
occluding edges, the rule is the same. 

A point of ohseroation is a position in the mtditim that can be occupied by an 
animal. It is stationary only as a limit. A moving point of observation entails a path of 
observation. Diflerent observers can perceive on the same path of obser\'ation. The 
point of observation in ecological optics shmild not be confiised with the station point 
of a picture in discussions of artificial perspective. 

Occlusion is one of the three main types of going out of sight. A surface can go out 
of sight at an secluding Is^ge, at a gieat distance, or in the dark. In all thre« eases 
coming into sight is the reverse of going out of sight, and thus is unlike coming into 
existence which is not the reverse of going out of existence. All displacements and turns 
ofati obsetVW-'s body, or of an object, bring about a change of occlusion. There are two 
kinds, self-occlusion and superposition 

Going out of sight at an occhiding edge is specified by progressive decrements of 
structure on ene side of a contour in the optic array. Coming into sight at an edge is 
specified by progressive increments of structure on one side of the contour. Going out 
of sight in the distance is specified by optical minification of structure to the limit. 
Going- out df sight in darkness is specified by r^ductton of ilttimination to the limit. 

The optic array at a moving point of observation is disturhed by what we call 
changing "perspective" and changing "parallax," which have never been carefully 
analyzed. Nevertheless, there is reason to suppose ttiat^ntwriants of the array underRe 
these changes: ratios, gradients, discontinuities, and other relations in the ambient 
light that owe their existence to the persisting features of the environment. (The 
structure of the array is also dif^rbed by motions and deformations of paits the 
environment and by movement of the sun in the sky, but invariants are presumed to 
underlie these changes also.) 

An arrested optic array at a fixed point of observation has a kind of structure that 
is somewhat easier to understand. It can be described in terms of visual solid angles 
that are both densely packed and "nested" up to the hemispheric solid angle of the 
earth and the spherical angle of the whole ambient array. The envelope of each solid 
angle intercepts a face of the layout projected to that point, or a facet, or an aperture- 
Although this description of optical structure is superior to that in terms of rays and 
pencils of rays, it still cannot c«pe vmih shading<^d transparency, or surface color. But 



it does emphasize the fact that there is a unique optic array fix every fixed point of 
observation in the environment; no two are identical. 

Disturbanee 6f structure is a general term that will encompass all kinds of change 
in the optic array. Different disturbances spedfy different hap^ftings. The term mo- 
tion, borrowed firom mechanics, does not apply to an optic array, and the term trans- 
formation, taken from geometry, is not suitable either, because it does not cover a gain 
or loss of structure. 

Successive overlapping samples of the ambient optic array are picked up by an 
observer during head movements. The field of view of the head is a sliding sample of 
the array as the head turns, gaining structure at the leading edge and losing structure 
at the trailing edge. The field of view of the head consists of the combined fields of 
view of the two eye-sockets. The amount of simultaneous overlap of the two fields of 
view differs, being large in the human and small in the horse, but successive overlap 
is common to all animals. Simultaneous disparity of the overlapping binocular fields 
has been overemphasized in physiological optics. Note that samples of the ambient 
arraf take the place of retinal images in physiotogical opties. 

Scanning of the field of view is the successive foveating of details of its sample by 
each eye. The exploratory scanning of a field should not be confiised with the explor- 
atory sampling of the ambient array. Some animals do not have foveated eyes and do 
not scan. 

The visual system is distinguished from the visual sense, from the modality of 
visual experience, and timm the channel of visual inputs. It is a hierarchy of organs and 
functions, the retina and its neurons, the eye with its muscles and adjustments, the 
dual eyes that move in the head, the head that turns on the shoulders, and the body 
that moves around the habitat. The nerves, tracts, and eenters of the brain that are 
necessary for vision are not thought of as the "seat" of vision. 
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APPEMDIX 2 



THE CONCEPT OF INVARIANTS 
IN ECOLOGICAL OPTICS 



The theory of the concurrent awareness of persistence and change re*[uires the as- 
sumption of invariants that underlie change of the optic array. Four kinds of invariants 
have been postulated: those that underlie change of illumination, those that underlie 
change of the point of observation, those that underlie overlapping samples, and those 
that underlie a local disturbance of structure. 

It would simplify matters if all these kinds of change in the optic array could be 
understood as transformations in the sense of mappings, borrowing the term from 
projective geometry and topology. The invariants under transformation have been 
worked out. Moreover it is easy to visualize a form being transposed, inverted, re- 
versed, enlarged, reduced, or foreshortened by slant, and we can imagine it being 
deformed in various ways. But, unhappily, some o( these changes cannot he understood 
as one-to-one mappings, either protective or topological (Chapter 6). Consider the four 
kinds. 

1. Invariants of optical structure under changing illumination. Sunlight, moon- 
liglit, and lamplight can fluctuate in intensity, alter the direction from which li^ey uame 
to the layout, and differ in color. Hence the illumination can change in amount, in 
direction, and in spectral composition. Some features of any optic array in the medium 
will change accordingly. There must be invariants ior percidving tiie surfaces, their 
relative layout, and their relative reflectances. They are not yet known, but they almost 
certainly involve ratios of intensity and color among parts of the array (Chapter 5). 

2. Invarimit» of optical structure under change of the point of observation. Note 
that a different point of obsei-vation is occupied by one eye of the human observer 
relative to the other, but that the invariants over this so-called disparity are the same 
as those under a change e^iseS a disfpiauement of the head. A diiange aiVd a 
difference are closely related. Some of the changes in the optic array are transformations 
of its nested forms, but the major changes are gain and loss of form, that is, increments 
and deeremeftts of structure, ^ sUiKrac«5 miidergo oocAksion. Prti|)ortions aad ck>ss- 
ratios underlie the transformations, however, and extrapolations, interpolations, gra- 
dients, and horizon-ratios underlie the increments and decrements. In short, the flow 
of the array does not destroy the structure beneath the flow (Chapters 5 and 13). 



3. Invariants across the sampling of the ambient optic array. What I called looking 
around involves the reversible sweeping of the field of view over the whole array, back 
and Ibrfh, with oontinuous snccessive overlap. There is presumably k coTiimoft Structure 
in the sliding sample, and this may be thought of as invariant (Chapters 7 and 12). 

4. Local invariants of the ambient array under local disturbances of its structure. 
Besides the motions of fhe sim, tl* dfesefver, and the Observer's head, thei* are local 
events. These include not only displacements and rotations of rigid detached objects, 
but also deformations of rubbery surfaces — in fact all sorts of events from a roHing ball 
to rippling water, and from a growing irrf'ant to a smfling fasee. Each produces a specific 
disturbance of optical structure. But the surface, the ball, the water, and the face are 
seen to be continuations of themselves by virtue of certain non-disturbances of optical 
structure (Chapter 6). 

These tour kinds of invariants are optical. There are also surely invariants in the 
flow of acoustic, mechanical, and perhaps chemical stimulation, and they may prove to 
be closely related to the optical, but I leave them for the reader's speculation. The 
study of invariants is just beginning. 

Thp theory of the extracting of invariants by a visual system takes the place of 
theories of ^constiincy" in perception, that is, explanations of how an observer might 
perceive the true color, size, shape, motion, and direction-from-here of objects despite 
the wildly fluctuating sensory impressions on which the perceptions are based. With 
invariants there is no need for theories of constancy. The reader, however, may consult 
a recent survey (Epstein, 1977) for the view that invariance-detection is only one nrore 
theory of perceptual constancy. 

These terms and concepts are subject to revision as the ecological approach to 
perception becomes clear. May ttiey never shackle fhought as the old terms and 
concepts have! 



APPENDIX 2 



BIBLIOGRAPHY 



Amheim, R. 1954. Art and visual perception. Berkeley: University of California Press. 
Arnheim, R. 1969. Visual thinking. Berkeley: University of California Press. 
Avant, L. L. 1965. Vision in the Ganzfeld. Psychological Bulletin, 64, 246-258. 
Barker, R. G. 1968. Ecological psychology. Stanford, Calif.: Stanford University Press. 
Barrand, A. G. 1978. An ecological approach to binocular perception: The neglected 

facts of occlusion. Doctoral dissertation, Cornell University Library. 
Beck, J. 1972. Surface color perception. Ithaca, N.Y.: Cornell University Press. 
Beck, J., and Gibson, J. J. 1955. The relation of apparent shape to apparent slant in 

the perception of objects. 7ouma/ of Experimental Psychology, 50, 125-133. 
Bergman, R., and Gibson, J. J. 1959. The negative aftereffect of the perception of a 

surface slanted in the third dimension. American Journal of Psgchotogy, 72, 

364-374. 

Boring, E. G. 1942. Sensation mid perception tn the histoty of experimental psychology. 

New York: Appleton-Century-Crofts. 
Bower, T. G. R. 1974. Developm£nt in infancy. San Fiancisco: W. H. Freeman. 
Boynton, R. M. 1974. The visual syst^: Environmental infonnation. In Handbook of 

perception, edited by E. C. Cartarette and M. P. Friedman, 1, 285-307. New 

York; Academic Press. 
Braunstein, M. L. 1962a. Rotation of dot patterns as stimuli for the perception of 

motion in three dimensions. Journal of Experimental Psychology, 64, 415-426. 
Braunstein, M. L. 1962b. The perception of depth through motion. Psychological 

Bulletin. 59, 422-433. 
Brunswik, E. 1956. Perception and the representative design of psychological experi- 
ments. Berkeley: University of California Press. 
Cohen, W. 1957. Spatial and textural characteristics of the Ganzfeld. American Journal 

of Psychology. 70. 403-410. 
Dodge, R. 1903. Five types of eye-movement, American Journal of Physiology, 8, 

307-329. 

Eisenstein, S. M. 1942. The film sense. Translated by J. Leyda. New York: Harcourt, 
Brace, 

Epstein, W. 1977. Stability and constancy in visual perception. New York: Wiley. 

Fieandt, K, von, and Gibson, J. J. 1959. The sensitivity of the eye to two kinds of 
continuous transformation of a shadow-pattern. Journal of Experimental Psychol- 
ogy. 57, 344-347, 



Flock, H. R. 1964. Some t-onditions sufTicient Ibr accurate monocular |>erception of 

mov ing surface alant. Journal of Eipeiiinental Psychology. 67, 560-572. 
Flock, H. R. 1965. Optii^l teasture and linear perspective as stimuli for slant perception. 

Psijclwlogical Review, 72. 505-514. 
Freeman, R. B. 1965. Ecological optics and slant. Psychological Reiieu:, 72. 501-504. 
Garner, VV. R. 1974. The processing of information arid structure. Hillsdale, N.J.: 

Lawrence Erlbaum .Associates. 
Gibson, E. ]. 1969. Perceptual learning and development. New York: .Appleton-Cen- 

tiir> -Crofts. 

Gibson. E. J. 197S The ecological optics of infancy: The differentiation of invariants 

given by optical motion. (Presidential address, DRV 3, .\P.\) 
Gibson. E. J., and Bergman, R. 1954. The elfect of training on absolute estimation of 

distance over the ground. Journal of Experimental Psychologtj, 48, 473-482. 
Gibson. E. J.; Bergman, R.: and Piirdy, J. 1955. The efiiect of prior training with a 

scale of distance on absolute and relative judgments of distance over ground. 

Jmirml of Exfrerimmtel F^hology , 50. 97-105. 
Gibson, E. J.; Gibson. J. J,; Smith, O. \V,; and Flock, H. R. 1959. Motion parallax 

as a determinant of perceived depth. Journal of Experimental Psychology, 58, 

40-51. 

Gibson, E. J., and Walk, R. D. 1960. The visual cWF. Scientific American, 202, 64-71. 

Gibson. J. J. 1929. The reproduction of visually perceived forms. Journal of Experi- 
mental Psychology, 12, 1-29, 

Gibson, J. J. 1947. Motion picture testing and research. .\.\F .Aviation Psychology 
Research Report No, 7. Washington, D C.: Government Printing Office. 

Gibson, J. J . 1 930a. The perception of visual surfaces. Anjterican Journal of Psychology, 
63, 367-384. 

Gibson, J J. \959b. The perception of the visual world. Boston: Houghton Mifflin. 

Gibson, J. J. 1951. What is a form? Psychological Review, 58, 403-412. 

Gibson, J. J. 1952. The relation between *isual afiS poitural determinants of the 

phenomenal vertical. Psychological Review, 5S, 370-375. 
Gibson, J J. 1954. ,\ theory of pictorial perception, Audio-Visual Communications 

Review, 1. 3-23. 

Gibson, J. J. 1956. The non-projective aspects of the Rorschach experiment: IV. The 

Rorschach blots considered as pfcturas. Jfiiimal of §§eiol Psychology, 44, 203-206. 
Gibson, ]. J. 1957. Optical motions and transformations as stimuli for visual perception. 

Psychological Reiieic. 64, 288-295. 
Gibson, J. J. 1958. Visiially controlled locomotion and visual orientation in animals. 

British Journal of Psychology, 49, 182-194, 
Gibson, J. J. 1959. Perception as a function of stimulation. In Psychology: A study of 

a science. Vol. 1, edited by S. Koch. New York: McGraw-Hill. 
Gibson, J. J. 1960a. The concept of the stimulus in psychology. American Psychologist, 

15, «S4-703. 

Gibson, J. J. 1960i. Pictures, perspective, and perceptitm. Daedalus, 89, 216-227. 



BIBLIOGRAPHY 



.'tl4 



Gibson, J. J. 1961. Ecological optics. Vision Research, 1, 253-262. 

Gibson, J. J. 1962. Observations on active touch. Psychological Review, 69, 477-491. 

Gtbson, J. J. 1966a. The proyeili of temporal order in stimulation and perception. 

Journal of Psychology. 62, 141-149. 
Gibson, J. J, 1966b. The senses considered as perceptual systems. Boston: Houghton 

Mifflin. 

Gibson, J. J, 1968a. The change from visible to imnsible: A study of optical transitions 
(motion picture film). Psydidiogicafl Cinema B)egister, Sttrte Ccfltege, Ps. 

Gibson, J. J. 1968fe. What gives rise to the per«eption of motion? Psychological Review, 
75, 335-346. 

Gibson, J. ). 1970. On the relation between hallucination and perce*ptioti.- L^nardo, 
3, 425-427. 

Gibson, J. J. 1971. The iniferflfiation avaMaye in ptchires. Leonardo, 4, 27-S5, 
Gibson, J. J. 1973. On the concept of formless invariants in visual perception. Leonardo, 
6, 43-45. 

Gibson, J. J. 1974. A note on ecological optics. In H&n4b6&k (ff perception, edited by 
E. C. Cartarette and M. P, Friedman, 1, 309-312. New York: Academic Press. 

Gibson, J J. 1975. Events are perceivable but time is not. In The study of time II, 
edited by J. T. Eraser and N. Lawrence. New York; Springer- Verlag. 

Gibson, J.J. 1976. Three kinds of distance that can be seen; or, How Bishop Berkeley 
went wrong in the first place. In Studies in perception: Festschrift for Fabio 
Metelli, edited by G. B. Flores D'.Arcais. Milan: Aldo Martello-Giunti. 

Gibson, J. J , and Comsweet, J, 1952. The perceived slant of visual surfaces — optical 
and geographical. Journal of Experimental Psychdlogy^ 44, 11-15. 

Gibson, J, J.^ and Dibble, F. N. 1952. ExploratefPy eteperiments on the stimulus 
conditions for the perception of a visual surface. Journal of Experimental Psychol- 
ogy, 43. 414-419. 

Gibson, J. J., and Gibson, E. J. 1955. Perceptual learning: Diflierentiation or enrich- 
ment? Psychologjical Review, 6A, 32-41. 

Gibson, J. J., and Gibson, E. J. 1957. Continuous perspective transformations and the 
perception of rigid motion. Journal of Experimental Psychology, 54, 129-138. 

Gibson, J. J.; Kaplan, G. A.; Reynolds, H. N.; and Wheeler, K. 1969. The change 
horn visible to invisible: A study of optical transitions. Perception and Psycho- 
physics, 5. llJ-116. 

Gibson, J. J., and Kaushall, P. 1973. Reversible and irreversible ei;&^tS (trmtion picture 

film). Psychological Cinema Register, State College, Pa. 
Gibson, J. J., and Mowrer, O. H. 1938. Determinants of the ffefeeived vertical and 

horizontal. Psychological Review, 45, 300-323. 
Gibson, J. J.; Olum, P.; and Rosenblatt, F. IfSS. Parallax arid perspective during 

aircraft landings. American Journal of Psychology, 68, 372-385. 
Gibson, J. J.; Purdy, J.; and Lawrence, L. 1955. .A method of controlling stimulation 

for the study of space perception The optical tsnnel. Journal of Experimental 

Psychology, SO, 1-14. 



BIBLIOGRAPHY 



Gibson, J. J., and Waddell, D. 1952. Homogeneous retinal stimulation and visual 

perception. American Journal of Psychology, 65, 263-270. 
Gibson, J. J., and Yonas, P. M. 19i6. A ne^ theory of scriBbling aftd drawing in 

children. In The analysis of reading skill, edited by H. L«vin, E. J. Gibson, and 

J. J. Gibson. Washington, D.C.: U.S. Department of Health, Education, and 

Welfare, Office of Education. (Final report) 
Gombrich, E. H, 1960. Art and illusion: A study in the psychology of pictorial rep- 

resentatton. Frincaton, K.J,: I'riBceton tJniterSity Press. 
Goodman, N. 1968. Languages of art: An approach to a theory »f symbols. Indianapolis: 

Bobbs-Merrill. 

Green, B. F. 1961. Figure coherence in kinetic depth effects. Journal of Experimental 

Psychology, 62. 272-282. 
Held, R., and Bauer, J. A. 1974. Development of sensorially guided reaching in infant 

monkeys. Brain Research, 71, 265-271. 
Helmholtz, J. Translated 1925. Physiological Optics, Vol. 3. Edited by J. P. C. Southall. 

Optical Society of America. 
Hochberg, J. E., and Beck, J. 1954. Apparent spatial arrangement and pereeived 

brightness. Journal of Experimental Psychology, 47, 263-266. 
Hochberg, J., and Brooks, V. 1978. The perception of motion pictures. In Handbook 

of perception. Vol. X, edited by E. C. Cartarette and M. Friedman. New York: 

Academic Press, (brthcoming. 
Ittelson, W. H. 1952. The Ames demonstratisns in perception. Princeton, N.J.: 

Princeton University Press. 
James, W. 189#. The principles of p^chotog^, Vbl. I. flew York: Henry Holt. 
Johansson, G. 1950. Configurations in event perception. Uppsala: Almkvist and Wiksell. 
Johansson, G. 1964. Perception of motion and changing form. Scandinavian Journal of 

Psychology, 5, 181-208. 
Kaplan, G. A. 1969. Kinetic disruption of optical texture: The perception of depth at 

an edge. Perception and Fsydljppl^?*Qi< ft 193-193. 
Kaufinan, L. 1974. Sight and miad: An introdaction to sisual perception. Oxford: 

Oxford University Press. 
Kennedy, J. M. 1974. A psychology of picture pereeptiwn. San Francisco: Jessey- 

Bass. 

Kepes, G. 1944. the language of ciston. Chi'cago: Paul Theobald. 

Koffka, K. 1935. Principles of gestalt psychology. New York: Harcourt, Brace. 

Kohler, I. 1964. The formation and transformation of the perceptual world. Psycholog- 
ical Issues, 3, Monograph No. 12. 

Kohler, W. 1925. The mentalitji/ qf apes. New feik: Marcourt, Brace. 

Land, E. H. 1959. Experiments in color vision. Scientf/ic American, 52, 247-264. 

Lee, D. N. 1974. Visual information during locomotion. In Perception: Essays in honor 
of James J. Gibson, edited by R. B. Macleod and H. L. Pick. Ithaca, N.Y.: Cornell 
UniVersilf Pre^. 

Lishman, J. R., and Lee, D. N. 1973. The autenomy of visual kinesthesis. Perception. 
2, 287-294. 



BIBLIOGRAPHY 



Mace, W. M. 1974. Ecologically stimulating cognitive psychology: Gibsonian perspec- 
tives. In Cognition and the symbolic process, edited by W. B. Weimer and D. S. 
Palermo. HiHsd&le, N. J.; Lawrence Erlbaum Associates. 

Mace, W. M. 1977. Gibson's strategy for perceiving: Ask not what's inside your head 
but what your head's inside of. In Perceiving, acting, and knowing, edited by 
R. Shaw and J. Bransford. Hillsdale, N.J.: Lawrence Erlbaum Associates. 

Marrow, A. J. 1969. The practical theorist: The life and work of Kurt Lewin. New 
York: Basic Books. 

Metzger, W. 1930. Optische Untersuohuagen im Ganzfeld II. Psycholagische For- 
schung, 13, 6-29. 

Metzger, W. 1934 Tiefenerscheinungen in optischen Bewegnngsfelden. Psychol 
Forsch, 20, 195-260. 

Metzger, W. 1953. Gesetze des Sehens. Frankfurt: Waldemar Kramer. 

Michotte, A. 1963. The perception of causality. Translated by T. R. Miles and E. 
Miles. London: Methuen. 

Michotte, A.;Thiii^s, G.; and Crabbe, C. 1964. Les compl&nents amod^c des struc- 
tures perceptives. In Studia Psychologica. Louvain: Publications Univfersite de 
Louvain. 

Mill, J. 1869. Analysis of the phenomena of the human mind. London: Lon^ans, 

Green, Roeder, and Dyer. 
Musatti, C. L. 1§24. SUi fenomeni stereokinetici. Archiv. Ital. dt Psicologia, §, 105- 

120. 

Neisser, U. 1976. Cognition and reality. San Francisco: W. H. Freeman. 
Panofsky, E. 1924-1925. Die Perspective als Symboliscbe Form. Vortrage der Bib- 
liothek Warburg. 

Penfield, W. 1958. Some mechanisms of consciousness discovered during electrical 
stimulation of the brain. Proceedings of the National Academy of Science, 44, 
51-66. 

Perky, C. W. 1910. An experimental study of imagination. Ameriean Journal of Psy- 
chology, 21, 422-452. 

Piaget, J. 1969. The mechanisms of perception. Translated by G. Seagrim. London: 
Routledge and Kegan Paul. 

Pirenne, M. H. 1970. Optics, painting, and photography. London: Cambridge Uni- 
versity Pl'ess- 

Polanyi, M. 1966. The tacit dimension. Garden City, N.Y.: Doubleday. 

Purdy, J., and Gibson, E. J. 1955. Distance judgment by the method of fractionation. 

Journal of Experimental Psychology, 50, 374-380. 
Handall, J. H. 1960. Ari^otle. New York: Columbia Uniwefsil^ Press. 
Ronchi, V. 1957. Optics: The science of vision. Translated by E. Rosen. New York: 

New York University Press, 
Runeson, S. 1977. On visual perception of dynamic events. Doctoral dissertation. 

University of Uppalai Deptomenl of Psychology. 
Schifi", W. 196S. Perception of impending collision, P&jfchological Monographs, 79, No. 

604. 



Schiff, W., Caviness, J. A.; and Gibson, J. J. 1962. Persistent fear responses in rhesus 
monkeys to the optical stimulus of "looming." Science, 136, 982-983. 

Sedgwick, H. A. 1973. The visible horizon. Doctoral dissertation, Cornell University 
Library . 

Senden, M. von. I960, Space and sight. Translated by D. Heath. London: Methuen. 
Shannon, C. E., and Weaver, W. 1949. The mathematical theory oj communication. 

Urbana: University of Illinois Press. 
Shaw, R. , and ft'ansford, J. 1977. Psychological approaches to the problem of knowl- 
edge. In Perceiving, acting, and knowing, edited by R. Shaw and J. Bransford. 

Hillsdale, N.J.; Lawrence Erlbaum Associates. 
Shaw, R'., and Mclntyre, M. 1974. Algoristic foundaUons to cjignittve psycholitlgy. In 

Cognition and the symbolic process, edited by W. B. Weimer and D, S. Palermo. 

Hillside, N.J.: Lawrence Erlbaum Associates, 
Shaw, R„ and Pittinger, J. 1977. Perceiving the face of change in changing laces: 

Implications for a theory of object perception. In Perceiving, acting, and knowing, 

edited by R. Shaw and J. Bransford. Hillsdate, N.J.: Lawrence Erlbaum Associates. 
Smith, K. U., and Bojar, S. 1938. The nature of optokinetic reactions in animals. 

Psychological Bulletin, 35, 193-219. 
Stratton, G. M. 1897. Vision without inversion of the retinal image. Psychologiced 

Review. 41, 341-360, 463-481. 
Titchener, E. B. 1924. A textbook of psychology. New York: M^cmillan. 
Turvey, M. T. 1974. Constructive theory, perceptual systems, and tacit knowledge. In 

Cognition and the symbolic process, edited by W. B. Weimer and D. S. Palermo. 

Hfllsdale, N,J.: LawreAce Erlbaum Associates. 
Turvey, M. T. 1977. Preliminaries to a theory of action with reference to vision. In 

Perceiving, acting, and knowing, edited by R. Shaw and J. Bransford. Hillsdale, 

N.J.; Lawrence Erlbaum Associates. 
Walk, R. D., and Gibson, E. J. 1961. A comparative and analytical study of visual 

depth perception. Psychological M&n&graphs, 73, No. 519. 
Wallach, H., and O'Connell, D. N. 1953. The kinetic depth effect. Journal of Exper- 
imental Psychology, 45, 205-217. 
Walls, G. L. 1942. The vertebrate eye and its adaptive radiation. Cranbrook Institute 

of Science. 

Ware, W. R. 1900. Modern perspective. New York: Macmillan. 

Warren, R. 1976. The perception of ego motion. Journal of Experimental FSychol<^y, 

Human Perception and Performance, 2, 448-456. 
Witkin, H, 1949. Pe*c*ption of body position and the position of the visual field. 

Psychological Monographs, S3. No. 302. 



NAME INDEX 



Adams, D. K., 138 
Ames, A., 166 
Aristotle, 99 
Amheim, R., 273, 285 
Amo. P., 296 
Attneave, F,, 150 
Avant, L. L., 151 

Barker, R. C, 3 

Barrand, A., 214 

Bauer, J. A., 225 

Beck, J , 31, 159. 165. 168 

Bergman, R., 161. 162. 165 

Berkeley, Bishop C, 1 17, 232, 257, 286 

Bojar, S., 186 

Boring, E, G , 160 

Bower, T. C. R., 195 

Boynton, R.. 270 

Bransford, /., 305 

Braunstein, M., 173 

Brooks, V. F., 292 

Brown, /. F , 138 

Brunswik, E , 2. 3. 252 

Caviness, J. A,, 175, 231 
Cohen, W., 151 
Copernicus. N , 85, 96. 132 
Cornsweet, J., 165. 166 
Crabbe, C, 82, 191 

da Vinci, see Vinci, Leonardo da 
Democritus, 14, 99 
Descartes, R , 3. 225, 290 
Dibble, F.. 151 
Dodge, R.. 209, 210 

Eisenstein, S., 300, 301 
Epstein. W , 116 
Esoher, M. C, 289 
Euclid, 69. 70, 80 



Fieandt, K. von, 178 
Flock, H.. 153, 166, 181 
Freeman, R. B., 166 



Garner, W. R., 150 

Gibson, E. J., 142. 152. 153, 156. 157, 158, 
161. 162. 177, 178. 179, 224, 230, 247, 
252. 275, 305 

Gibson, J. J., 153. 165. 175. 178. 179, 231 
(1929). 268 

(1947), 149, 160. 182, 184, 273 
(195CB), 100. 165 

(19S0fc), 1, 59, 112, 114, 116. 124. 125, 
139. 148-150. 159, 160, 162. 195, 206, 
207, 215, 220, 221, 248, 286 

(1951) , 178 

(1952) , 164, 186 
(1954). 270, 272, 273 

(1956) , 282 

(1957) , 105, 173. 175, 176 

(1958) , 36. 132. 231 

(1959) . 150 
(19600), 56 
(1960b). 270 
(1961), 48 
(1966fl), 254 

(1966b), 1, 9. 42, 53, 54, 60, 61, 82, 86, 97, 
115, 122, 126. 133. 135, 176, 183, 198, 
205. 211, 218. 226, 233, 234, 243-245, 
257. 270, 272, 275, 301 

(1968fl). 14, 80. 107, 190, 193 

(I968fc), 94, 170, 171 

(1970) , 257 

(1971) , 270 

(1973) , 271 

(1974) , 270 

(1975) , 100 

(1976) , 152 

and Cornsweet (1952), 165, 166 



.^19 



Gibson, J. ]. icon! ) 
and Dibble {1951), 151 
and E. J. Gibson (1955), 252 
and E. J. Gibson (1957), 177. 178, 24" 
with Kaplan, Reynolds and Wheeler (1969), 

78. 80, 82. 190, 194 
and Kaushall (1973), 97, 100, 191 
and Mowrer (1938), 186 
with Olum and Rosenblatt (1955), 122. 182, 

184, 273 

with Purdy and Lawrence (1955), 153-155 

and Waddell (1952), 151 
Gombrich, E. H., 279, 281, 286 
Goodman. N., 285 
Green, B. F., 173 

Harris, S , 84 
Held, R.. 225 

Helmholtz, H. von, 161, 183, 206. 209, 251, 
286 

Hochberg. J., 150, 159, 292 
Hume, D.. 110, 181. 250 

Ittelson. W. H., 168 

James, W.. 240 
Johansson, G., 174, 179 

Kant, 1,3, 251 

Kaplan, G. A., 78, 80. 82, 189. 190, 194 

Kaushall, W , 97. 10«, 191 

Kennedy, J. M., 273, 290 

Kepes, G., 285 

Kepler, J., 58, 59, 61, 217 

Koflka, K., 138, 139, 143, 168, 206 

Kohler, I., 216 

Kohler, W., 235 

Land, E. H., 91 
Lawrence, L., 153-155 
Lee, D. N., 185. 305 
Lewin, K.. 138, 234 
Lishman, R.. 183. 305 
Locke. J., 31, 256 

Mace, W., 305 

Mach, E.. 112 

Mclntyre. M., 305 

Marrow, A. J., 138 

Metzger, W,. 150. 151, 174 

Michotte, A., 82, 110, 171, 181, 191, 192 

Mill, J., 90 



Montgomery, R., 298 
Mowrer, O. H., 186 
Miiller. J., 115, 246 
Musatti, C. L., 173 

Neisser, U., 305 

Newton, 1., 15, 93, 100. 110 

O'Connell, D. N., 174 
Olum, P. , 122, 182, 227, 228 

Panofsky, E , 285 
Parmenides, 99 
Penfield, W. , 256 
Perky, C. W , 256 
Piaget, J., 13, 195, 235 
Pirenne, M. H., 284 
Plato, 279 
Polanyi, M . 22 
Ptolemy, C., 69, 70, 80 
Purdy. J., 153-155, 161, 162 

Randall, J.. 99 

Reynolds, H. N., 78, 80, 82, 190, 194 

Ronchi, V., 48 

Rorschach, H., 282 

Rosenblatt, F.. 122, 182. 227, 228 

Rubin, E., 81, 191 

Runeson, S., 110, 181, 182 

Ruskin, J , 286 

Scherer, J , 77 

Schifl , W., 104, 132, 175, 281 
Sedgwick, H. A., 164 
Senden, W. von, 285 
Shakespeare, W., H6 
Shannon, C, 242, 243 
Shaw, R , 305 
Sherrington, C., 115. 240 
Smith, K. v.. 186 
Smith, O. W., 153, 181 
Stratton. G. M,, 62 

Temus, J , 248 
Things, G., 82, 191 
Titchener, E. B., 252, 256 
Tuivey. M. T., 305 

Vinci. Leonardo da, 277 

von Fieandt. see Fieandt. K. von 

von Helmholtz. see Helmholtz, H, von 

von Senden, see Senden, W. von 



NAME INDEX 



120 



Waddell, D., 151 

Walk, R. D , 142, 156-158, 230 

Wallach, H , 174 

Walls, G. L.. 58. 11. 203 

Ware, W R , 284 

Warren, R.. 123, 305 



Weaver, W., 242 
WWtheimer, M., 174 
Wheeler, K . 78, 80, 82, 190, 194 
Wittgenstein, L., 134 

Yonas, P., 275 



NAM£ INDEX 



SUBJECT INDEX 



Accommodation, 148, 217, 251 
Accretion of texture, 107-108 
deRned, 83 

and head turning, llS-120 

and minification, 103 

in motion pictures, 293, 297-300 

and occluding edge experiments, 189-190 

See also Deletion; Occlusion 
Afibrdance, 127-143 

concept introduced, 36 

and ecological niches, 128-130 

as a fact of the environment, 129 

as invariant combination of variables, 134- 
135, 139-140 

and nature of environment, 130 

as opposed to experiences, 137-140 

recent history of concept, 138-140 
Afiordances 

of a cliff, 157-158 

of enclosures (shelter), 29, 37-38 

of events, 102 

during evolution, 18-19 

of fire, 38 

of ground for terrestrial locomotion, 16, 36- 

37, 95, 127-128. 22S-227 
man-made, 129-130 
misinformation for, 142-143 
mispercepbon of, 37, 243-244 
and niches, 128-129 
of objects in general, 133-135 
of other animals in general, 41-42, 135-136 
perception of, 133-135, 140-143 
positive and negative, 137-138 
relativity of, 127 128 
specification of, 140-142 
of substances, 97-98, 131-138 
of surfaces, 131-132 
of terrain, 36 
of tools, 40-41 
of water, 38, 224 



Ambient light 

and accommodation, 217 
defined, 16-19, 65 
and events, 102-111 
homogeneous, 54 
and illumination, 55-54 
importance of, 203 

infonnation in, see Ambient optic array 
and perception of surfaces, 23-26, 29-30 
vs. radiant light, 50-51, 58-59 (fig.), 64 
structuiing of, 51-52, 57-58, 66-69, 86-88, 

102-103, 148. 168, See also Ambient 

optic array; Information, stimulus 

unstructured. 151, 153 
Ambient optic array 

binocular disparity in, 114, 120, 148, 159 
binocular overlap in, 203-205 
boundaries in, 203-207 
and changing perspectives, 75-76, 122, 159, 

182-184 
contrasts in, 153-156 
and ecological optics, 65-71 
flow of, in a landing glide, 125 (fig.), 182 
fiow of, in locomotion, 123 (fig.), 124 (fig ), 

227-229 

importance of movement for, 72-76, 79-84 
vs. retinal image, 62 
scintillation in, 108 
sliding sample of. 118-119 (fig.), 309 
structure of. 66, 68, 69 (fig.), 71 (fig.). 72 
(fig.). 73-75, 86-91, 102-103, 106, 168 
and successive sampling, 221-222. 246-250 
See also Ecological qpticsi Information, 
stimulus; SbmpHttg, successive 
Angles 

intercept. 68-71 
solid, 68-70, 91, 308 

solid visual, 112. 161-162, 193, 204, 206- 
207, 212, 270, 297-298. See also Field of 
view 



Art, modern, 268-270. 284-28S, 290 
Aufforderungscharakter, 138 

Binocular disparity, 114, 120, 148, 159, 173, 

203-205, 213-214 
Binocular overlap. 111, 120, 203-205, 309 
Blind region, 204-208 
Borders, as distinguished fiom lines, 35 
Boundaries, in ambient optic array, 203-207 
Brinks, 37 

Camera metaphor for vision, 1-3, 54, 61, 176, 
210, 298 

and accommodation, 217 

and eye movements, 209-210 

fallacies of, 219-220 

homunculus, 60 

role of images in, 58-60 
Causabon, 171-172 

and events, 109-110 

perception of, 171, 181-182 
Chirographic methods, see Drawing; Graphic 
act 

Classical optics, 2, 4, 69-71, 161-163 
and camera metaphor (or vision, 54 
distinguished fi om ecological optics, 47-52 

Cognitive maps, 198-200 

Collision of objects, 181-182 

Colors 

changes in, 97-98. 107 

under changing illumination. 91 

as hues. 29 

modes of appearances of, 31 

surface, 29-30, 87 
Communication, and information, 62-63 
Concavities, 78 

defined. 35 

illumination of, 89 

and objects, 39 

and shelters, 37 

and slant, 166 

and water surfaces, 92 
Constancy, size, 160-164, 311 
Convergence, 148, 210. 213-214 
Convexities, 78 

defined, 35 

illumination of, 89 

and objects, 39 

and occluding edge, 80 

and slant, 166 

and water surface, 92 
Ccwner, defined, 35, 308 



Deletion of texture, ItfT-iM 
defined, 83 

and head turning, 118-120 
and magnification, 103 
and occluding edge, 189-190 
See also Accretion; Occlusion 
Depth perception, 150 
and binocular vision, 203-205 
cues for, 147-148, 244. 285-286 
fallacy of, 203 

in Metzger's experiments, 151 

separation of surfaces in, 179-181 

and visual clifi. 157-158 

See also Layout 
Difierentiation, 252-253 
Dihedrals 

defined, 35, 308 

in line drawings, 287 

and occluding edges, 158 

in perspective drawings, 277 

used in shelters, 37-38 
Diplopia, 208, 257 
Direct perception 

of affordances, 133-135, 140-143 

compared with mediated, 10, 42, 54, 147, 
166-168. 238-262 

of motion in the world. 170-182 

of movement of the self, 182-188 

of surface layout, 147-169 

theory of, 238-262 
Disappearance 

and occlusion, 79-80. 192, 194 

studies, 13 
Disk and-slot apparatus, 171-172 
Disparity, see Binocular disparity 
Displays 

of animals, 98 

defined, 42 

pictorial, see Pictures 

of stimulus information, 153, 171- 
190 

Distance perception, 117 

along ground plane, 160-164 
Distinctive features, 150 
Disturbance of optica! structure, 72-50, 83, 
102-103, 107-109, 247 

defined, 309 

and events, 170 

and going out of existence, 194-195 
importance of concept, 170 
in relation to occlusion, 80-83 
See also Ambient optic array; Information, 
stimulus; InvarMnts 



SUBJECT INDEX 



Dolly shot, 185. 297-298 
Drawing 

contrasted to copying, 276-'279 

in perspective, 286-287 

theory of its development, 274-283 

See also Graphic act; Pictures 
Drawings, see Pictures 
Dualism, 141, 225, 306. See also Mentalism; 
Mutuality principle 

Ecological events, 10, 38. 66, 93-110 
aSbrdances of, 102 
causation of, 109-110 
cycles of, 98 

main varieties of, 94-100 

nesting of, 101-102 

recurrence and nonrecurrence of, 101 

reversibility of, 97-98, 100-101 

See also Persistence and change; 

Transformations 
Ecological information 
about animals, 41-42, 98 
controlled display of, 3 
about events. 102-110 
about humans, 42 
in light, 62-63 
in moving pictures, 292-295 
in pictures, 282-286 
about surface colors, 29-31, 97-98 
See also Information, stimulus; Invariants; 

Specificity 
Ecological laws 
of horizons, 162-163 
of light, 48-52 
of surfaces. 22-31 

See also Mutuality principle; Nesting 

principle; Occlusion; Persistence and 

change 
Ecological optics 
and ambient optic array, 65-66, 308 
and arrested optic array. 308 
of binocular vision. 114. 120. 148. 173. 

203-205. 213-214 
central concepts of. 65, 75 
concept of invariants in, 310-311 
contrasted to physiological optics, 52-58, 

62, 149, 209-211, 217-219 
of egolocomotion, 122-126, 204-208 
and eye movements, 211-216 
and field of view, 114 

and functions of the visual system, 218-219 
invariance and variance in, 75, 86-88, 162, 
308 



of moving pictures, 292-299 
and natural perspective, 69-71, 161-163 
and optical Bow, 123-125, 182-188, 227-229 
of pictures, 271, 286-296 
and pupillary adjustments, 217-218 
term introduced, 47-48 
Ecology 

and alTordance concept, 140 
and behavior, 44 

concept of 13-14. See also Affordance; 
Niche 

contrasted to physics, 8-9. 13-14. 16. 33, 
127-128, 147-148, 161-162 

importance for psychology, 7-15, 44, 140 

importandb for study of vision, 2 
Edge 

dangerous, 157, 230 

defined, 308 

depth at an, 158-159 

in line drawings, 287 

See also Occluding edge; Occlusion 
Egocentrism, 201 
Egolocomotion 

information for, 182-188 

perception of, 122-126, 204-205, 207-208 
Enclosure 

and concavities and convexities, 35 

defined, 34 

and hollow objects, 34 
Encounters 

of animals with objects, 36, 233 

and control of locomotion, 231-234 

See also Looming 
Environment, natural 

affordances of, 130-138 

changes in, 10, 38. 66. 93-110 

clutter of. defined, 307 

contrasted to artificial environment, 130 

contrasted to physical environment, 8-9, 
33, 140 

defined, 7, 307 

man-made alterations of. 129-130 
open, 33 

perception rf, 195-196 
as a surround, 43 

terrestrial, 9, 20-22, 85, See also Layout 
See also Affordances; Ecological events; 
Substances; Surfaces 
Equivalent configurations, argument (com, 

166-168 
Events 
chemical, 98, 105. 107 
in environment, 10, 38, 6€^ 93«UII 



Events (conf .) 

information For perceiving, 102-109, 294 

mechanical, 95-96, 103-105 

and moving objects, 84 

perception of, 11. 100. 102-110, 242 

terrestrial, 94-102, 107 

and time, 100 

traMs of, 96, 100 

virtual, 297 
Evolution 

of locomotion, 223-224 

of manipulation, 223-224 

of visual system, 2, 218-219 
Exterospecific information, 75, 111- See also 

Propriospecific information 
Eye movements 

compensatory, 210-211, 215-216 

and ecological optics, 211-216 

and physiological optics, 206-209 

recognized types of, 209-211 

Fibers 

affordances of, 133 

defined, 35 

in line drawings. 287 

in perspective drawings, 277 
Field of view 

binocular, 203-205, 204 (fig.) 

contrasted to visual field, 114 

defined. 111 

of humans, 112, 113 #g.} 
Figure-ground 

and occlusion, 191, 230 

and structuring of ambient light, 66, 103 
Film, see Mtltitm pictures 
Fissures 

defined, 34-35 

in line drawings, 287 

in persp«|!tiMe drawings, 277 
Fixation 

ecological view, 211-212 

traditional view, 209-210 
Flow perspective 

and imminent contact, 231-232 

and locomotion, 227-229, 228 (fig.) 
Foreshortening, 107-108. 176-177 

and rigidity, 178 
Form 

and connectedness, 179 

and formless invariants, 178. 247 

frozen, 268-269 

in optic array, 68 

percep^n of, 83-84 



and pictures, 268 

and traditional theories of perception, 147- 
148, 150, 159-160 

and transformation, 74, 83 
Form perception, 147-150, 159-160 

and object perception, 83-84 

and pictures, 268, 271 

psychophysics of, 149-150 
Fovea, 209, 211-212, 220 
Fusion, binocular, 213-214 

Gamfeld. 151 

distinguished from ambient light, 51-52, 
54, 151, 215 
Geometry 

of natural perspective, 70 

of planes vs. surfaces, 33, 44 

of surface layout, 33-36 

See also Invariance; Transformation 
Gliding room, experiments with, 185 
Gradients 

defined, 116 

of optical texture, 117, 149, 160-162 

and slant perception, 164-165 
Graphic act, fijndamental, 275-276. See also 

Drawing 
Gravity 

and ecological events, 93-94, 96 
and head-tilt, 116 
and the vertical, 164 
Ground surface 

as background in experiments, 159-164 
defined, 33, 307 

importance of, 16, 66-68, 67 (fig.) 

structure of, 10, 22-31 

and the verbcal, 96 

See also Layout; SuHaces 

Hallucinations 

compared to fictions, 261 

tactile, 257-258 

visual, 257-258 
Hierarchical organization, 9, 22-23, 101-102. 

See also Nesting principle 
Horizon, 106. 162-164, 272 

and binocular vision, 120 

compared with occluding edge, 80 

defined, 84 

in line drawings, 287 

ratio relation, 164 

and size information, 160-161 

and suifaces, 132 
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Illiunination 
and ambieitt K^t, ^-54 
and dark adaptation, 218 
defined, 307 

dependence of vision on, 55 
diumal changes in, 29-30, 87-89. 91 
hempgenaous, 5l-§4, 65, 151-153 
vs. luminasity, 47—48 
vs. radiation, 48-50 

and structure of ambient optic array, 68-70, 

86-88 
of surfaces, 29-30 
Illusions 

and information, 243-244 
and pictures, 280-283 
Image, see Retinal image 
Imagining, contrasted with perceiving, 256- 
258 

Imminence of collision, 231-232 
Information, in communication, 62-63. 242- 
243. See also Ecological information; 
Information, stimulus 
Information pick-up 
contrasted to classical theories, 239-250 
and memory, 253-255 
resonating, 249 
term introduced, 147 
theory of explicated, 221-222, 238-263 
See also Direct peraeptionj Sampling, 
successive 
Information, stimulus 
for continuation of suifaces, 53—84 
contrasted to classical stimulus, 56-57, 149 
for controlling locomotion, 225, 227, 231- 
234 

for controlling manipulation, 234-235 
defined, 52-54, 242-243, 307 
for distance, 117, 148-149, 160-162 
distinguished fi om cues, 71, 160-161 
for event perception, 102-110 
for motion, 171-182 
in motion pictures, 292-302 
movement prodticed, 72-76, 121-126, 227- 
234 

for occlusion, 189-202 

optical, see Ambient optic array 

for perceiving affbrdances, 14&-141 

for persistence, 206-209 

pick-up of, see Information pick-up; 

Sampling, successive 
in pictures, 267-288 

for self-perception, 111-126, 182-188, 22.3- 
234 



sequential, 73, Sm idm S^mpl^g, 
suQcessi«% 

See also Amtont dptfCarray; Deform^ion 

of optical struct«»l'. Ecological optics; 

Invar&niS; Tr^isH^Kialtmris 
tpvar&nce 
and ^rdances, 18-19, 138-140 
and disruptions of optical struettii%, 7^ 

75, 107-109 
and persist6nc<fe aild change, 13-14, 73-75 
resolves problem of integration, 221-222 
Invariants 
and affordances, 134- 135, 139-142 
under changing illumination, 88-91, 310 
under changing point of observation, 73-75, 

89, 122, 123, 128, 310 
compound, 141 

concept of, in ecological optics, 310-311 
formless, 168, 178, 247, 272, 294 
under local disturbances, 311 
mathematical concept of, 13 
in motion pictures, 292-295, 298-301 
in pictures, 269, 272-273. 276-284, 286- 
291 

of ratios of ground texture, 160-162 
under reversible transitions. 208-209 
stimulus, see Information, stimulus 
of structure in optic array, 73-75, 86-88 
in successive samples of optic ariay, 311, 

See also SampHng, successive 
of surface deformation, 24-25 
See also Vision, ambulatory; 

Egolocomotion; Persistence and change; 

Transformation 

Kinesthesis, 123 

reJatwn to optical Row, ^ 

Ste also VKn^I liiiesih^sis 
Kinetic depth elfcct, 173-174 

Johansson's explanation, 174 

Wallach's explanati^ 174 
Knowledge 

ecolggtcal apprjjacb 258-262 

irmate, 

traditional sources of, 253 

Layout 
affordances of, 157-158 
changes in, 35. 95-96, 170-182 
defined, 307 

of environment, 7-8, 12-13, 161-166 
experiments on perception of, 147-169 
illumination of, 88-89 
theory of. 33-43 
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Light 

radiant vs. ambient, 50-51, 5&-59 (fig.), 64 

reverberating, 48-^0, 46 (fig.). See aho 
Ambient light 

structured, see Attibl^t^^ array 
Line drawings 

invariants discoverable in, 287 

principles of, 287-290 
Locomotion 

affordances for, 16, 36-^7, 129 

as cause of motion perspecHve, 73-75, 91, 
186 

in cluttered environment, 192-193 
control of, 225-227, 231-234 
evolution of, 223-224 
guidance of. 122-124 
information for, 122-124, 227-182 
obstacles to, 36, 229-231 
openings for, 229-231 
perception of environment during, 
197 

role in vision, 2, 72-76, 89. See also 

Egolocomotion 
and sequential information, 75-76 
along slopes, 37 
specifying of, 121-126 
symmetricalizing in, 122-123 
terrestrial, 16, 36 
varieties of, 129 
Looming, 103-104, 132,.231-232 
experiments on, 175-176 
See also Encounters; Time-to-collision 

Magic 

and disappearance, 194 

and nonreversible events, 101 
Magnification, 103, 107, 175 

experiments with, 175-176 

in limb movements, 121 

of nested optical structure, 108, 230-234 

and outflow, 227 

and shadow projection, 173 (fig.) 

See also Vlinification 
Manipulation, 29, 39 

control of, 225-227, 234-235 

evolution of, 223-224 

and grasping, 133-134 

information for, 120-121, 234 

and perceiving interior surfaces, 236 
Margin of safety, 39, 234 
Vlargins 

distinguished fi om lines, 35 

between land and w^er, 38 



Meamilgs 

of the envirohment, 33, 127, 140 

in motion pic«bi<gi. 2D2-29B, 298-300 

tra(diti«li9l AedHiSS of, 238 

See also Affordances 
VIediated knowledge 

concept introduced, 42 

by depictions, 284-285 

by descriptions, 260-261 
Mediated perception 

compared with direct percepH(|n, M), 42, 
54, 147, 166-168, 238-262 

and mediated knowledge, 260-261 

and optical instruments, 259-261 
Medium 

air as a, 13 

and ambient light, 2, 16-19, 29-30, 48-52 
contrasted to space, 33, 130-131 
defined, 16-19, 307 

and informahbn for control of movement, 
226 

modification of, by people, 129-130 
and paths of locomotion, 43 
Memory 

applied to sensory inputs, 252-253 
and construction of events, 221-222, 247 
and present experience, 253-255 
relation to perception, 189 
role in drawing, 278-279 
Mentalism, 2, 43, 114, 116, 180, 221, 257, 
278 

critique of, 137-138, 158, 161-162, 225, 
235, 238, 251-252 
Metzger's experiment, 150-152 
Minification, 103, 107 

due to locomotion, 231-234 

experiments with, 175-17^ 

and inflow. 227 

and limb movements, 121 

and shadow projector, 173 (fig.) 

See also MagnificfiUbn 
Mirrors, 28 

Misperception, see Illusions 
Molar analysis, 21 
Montage, theoi^: of, aO#-i0l 
Motion 

apparatus for study of^ 170-174' 

of bodies, 35 

and causation, 109-110 

in modem art, 269 

of objects, 93-96 

orbital, 171 
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Motion {cont.) 
rigid and elastic, 178-179 
in still pictures, 294 
See oho Ecological events; Movement; 
Transformation 
Motion parallax, vs. motion perspective, 182- 
184 

Motion perspective, 122. 159, 182-184 

and locomotion, 227-229 

vs. motion parallax, 18^184 
Motion pictures 

defined, 292 

depiction in. 301-302 

as a progressive picture, 293-294 

psychology of splicing, 299-300 

theory of. 292-302 

theory of filming and editing, 297-301 

theory of montage, 300-301 

types of content, 294-295 
Movement 

of animals. 41-42 

of eyes, 209-217 

of head, 117-118 

importance of, in vision, 72-76 

of limbs. 120-121, 234-235 

perception of self, 122-126, 204-208 
Movies, see Motion pictures 
Mutuahty principle, 9, 15, 21 

in afFordance theory, 127-128, 135 

in objective motion and subjective 
movement. 183, 203-207, 211 

Nesting principle, 9, 11, 22-23, 28, 66 

and ambient optic array, 68, 70, 217, 231 

and clutter, 33, 132 

and ecological niches, 128-129 

and events, 101-102 

and eye movements, 212 

and line drawings, 288 

and places, 34, 240-241 
Niches, ecological 

and afibrdance concept, 128-130 

vs. phenomenal environment, 129 

as ways of life, 7, 128-129 
Nystagmus, 211, 213 

Object permanence, 208-209 
Objects 

affordances of, 127-129, 133-135 
attached. 24-25, 34, 39, 43, 78, 93, 133, 

241, 307 
classifications of, 134 
colors d', 30-31 



denumerability of, 34 

detached, 24-25, 34, 39, 78, 93, 133, 193- 

194, 241, 288, 307 
environmental, 29, 66 
invisibly supported, 159 
limbs as, 120-121 
motions of, 35, 94-102 
as obstacles, 36, 229-231 
perception of, 82-84, 208-209, 241. See 

atso Occlusion 
specification oii 56, 83 
and structuring of ambient light, 66-68, 74 
as tools, 40 
virtual, 172, 179, 283 
Occluding edge 
defined, 30S 

discovery and importance of, 189-202 
Kaplan's experiments on, 189-190 
and openings and obstacles, 229-231 
and perception of the selfs surrounds, 206- 
207 

in perspective drawing, 277, 286-290 
Occlusion, 78-86 
and coming into sight, 79-80, 83, 308 
defined, 308 

and disappearance, 14, 192 
in ego perception, 1 16-126 
of far side of an object, 83-84 
and going out of sight, 79-SO, S3, 308 
and head turning, 194 
and invisibly-supported-object experiment, 
159 

and limb movements, 120 

and orientation, 198-199 

principle of reversible, 76-77, 136, 191- 

195, 196-199, 243-244 

and public vs. private knowledge, 200-202 

of self, 81 82, 205-207 

terminology concerning, 192 
Optical flow, see Flow perspective 
Optics, see Classical optics; Ecological optics; 
Perspective, natural; Physiological 
optics 
Optokinetic drum, 186 
Orientation 

to the environment, 198-200 

of eyes, 209-216 

to gravity, 21 

Panning shot, 185 
Path of observation 

contrasted with paint of, 66 

importance of, 75 
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Path of observation (font.) 

locomotion along, 36, 72 

and oiientation, 198-200 

and perception over time, 197 

and route of locomoHon, 75-76, 225-227, 
232-234 
Perception 

as active attention, 149-150 

of affordances. 133-135, 140-143 

of causality, 171-172, 180-181 

of colors, 29-31, 91, 97-98, 107 

definition of, 239-240 

of depth, see Depth perception 

direct vs. indirect, 10, 42, 54, 147-150, 
166-168, 238-250 

of distance, see Distance perception 

evolution of, 7-10 

of form, see Form perception 

and hallucination, 257-258, 261 

and imagination, 256-258 

importance of movement for, 43, 203-237 

information for, see Ecolo^cal information; 
Information, stimulus 

and knowledge, 253, 258-260 

of layout, see Layout 

mediated, see Mediated perception 

and memory, 253, 2S4 

of motion, 170-182 

new theory of, 238-250 

of occlusion, see Occlusion 

of other animals, 7, 41-42 

of places, 240-241 

psychophysics of, 149-150 

related to other forms of awareness, 235- 
260 

of self, 182-188, 204-208 

of size, 160-164 

of slant. 164-166. 176-178, 196 

of space, see Layout 

theories of, see Theories of perception 

visual, see Vision, ambient; Vision, 
ambulatory; Vision, aperture; Vision, 
snapshot; Visual system 
Perceptual system, 244-246, 256-259 

contrasted with senses, 52-62, 149-239 

as a hierarchy of organs, 53 

and knowing, 258-260 

and nonperceptual awareness, 256-258 

theoi-y of, 238-250 
Persistence 

information for, 208-209, 249 

of substances, 241-242 

of vision, 292 



Persistence and change, 170, 208-'209' 
atomic theory of, 14 
with changing illumination, 73-75, 86- 
88 

in chemical events, 96 
defined, 12-15 
in the environment, 94-96 
of layout, 35-36, 147-169 
registering of, 246-249 
of substances, 21, 98 
of surfaces, 22-32, 99-100 
theoi-y of, 14, 98 

See also Ambient optic arr^y; Invariants; 
Transformation 
Perspective 
aerial, 148 

and ancient optics, 70 

artificial (Renaissance), 70-71, 148, 160, 

196-197, 277, 283-285 
motion, 122, 182-184. See also Locomotion; 

Motion parallax 
natuial, 69-71, 175, 196-197, 283-284. See 

also Ecological optics 
patchwork vs. edge, 286-287 
seeing in, 286-287 
structure (vs. invariant structure), 

73-75 
Physiological optics, 4 
contrasted to ecological optics, 52-58, 68, 

116, 149, 209-211, 217-219 
and ocular adjustments, 216, 218 
Pictures 

chirographic (vs. photographic) method of 

making. 272-273 
definitions of, 270-274 
duality of perception for, 280-283 
for education, 273 
information in, 63, 267-288 
origin of, 42 

and perspective, 70-71, 148, 160, 277, 283- 
287 

progressive vs arrested, 29!^294. See <Uso 

Motion pictures 
as records, 273-274 
as stimuli in experiments, 172-182 
in study of vision, 267-270 
and superposition, 289-290 
Places 
affordances of, 136-137 
defined, 34 
in environment, 43 
hiding, 136-137, 201-202 
locomotion among, 36, 199-200, 225-384 



Places icont.) 

perception oi', 2<W-241 

and points #f observation, 6S 
Point of observation, 65, 111 

and ambient optic array, 72-76 

contrasted with station point, 66 

defined, 308 

and disparity, 114 

and the field of vmv, 112 

and hiding, 136 

and looming, 103-104 

mobility of, 66, 72, 121-122. See also 
Vision, ambulatory; Path of observation 

and natural perspective, 70 

occupied and unoccupied, 207-208 

outflow and inflow, 182 

stationary vs. moving, 43, 72-73, 75. See 
also Vision, ambient; Vision, ambula- 
tory 

Primary and secondary qualities 

of color and shape, 97 

rejection of distinction, 31 
Projection 

difierent meanings of the term, 279 

and drawing, 278-279 

parallel and polar, 172 

on a picture plane, 277 

as projective correspondence, 269 
Propnoception 

ecological view vs. classical view, 115 

visual information for, 182-188, 203-208. 
See also Egolocomotion; Visual 
kinesthesis 

Propriospecific information, 75, 111, 182-188, 
203-208 See also Exterospecific 
information 
Pseudotunnel, 153-156 
Public knowledge, 200 
Pupil, adjustments of, 217-218 
Pursuit movements 
classical view, 210 
ecological view, 213 

Radiation 

distinguished from illumination, 48-50, 49 

(fig.) 

Reflectance, 30-31 
Reflection 
scatter, 87 

scatter vs. mirror, 49 
Representation, 279-280 
Retinal images 

and dftssical eye movements, 209-211 



disparity of, 114, 117 

fallacy of, 1, 3, 62. 116. 174, 182-183, 210- 

212 
fusion of, 214 

not necessary for vision, 61-62 
orthodox theory of, 58-61 
as pictures of objects, 268. 285-286 
and retinal stimulation, 52-54, 218 
and the upright world, 116 

Reversibility, see Occlusion; Transition, 
reversible 

Rivalry, binijcular, 214 

Rorschach test, 282-283 

Rotating disk apparatus, 171 



Saccades, 209-210, 212-213 
Sampling, successive 

of ambient optic array, 111-112, 117-120, 
219-222, 311 

defined, 309 

by head movements, 117-120, 205-206 

in motion pictures. 297-298 
Scanning of field of view, 211-213, 309. See 

also Saccades 
Self -perception 

and blind region, 207-208 

and exteroception, 116 

and field of view, 111-115, 204-209 

and head turning, 117-120 

information for, 111-126 

role of the nose in, 117, 203-205 
Sensations 

insufficiency of the concept, 186, 238-250, 
285 

James Mill on, 60 

and specific nerve energies, 115, 246 

and stimulation of receptors, 52-53 
Senses, contrasted with perceptual systems, 

52-62, 219-222, 244-246 
Shadow projection, 172-173 
Shadows, moving, 29-30, 86-89 
Shearing tisttare, 104 107-108, 171 
Sheets 

affordances of, 133 

defined, 34 

in occluding edge experiment, 190 
Simultaneous overlap, see Binocular overlap 
Size perception, 160-164 
Slant perception, 196 

experiments on, 164-166 

optical vs. geogpaphical, 166 
Social interaction, m0^nces for, 42 



Spaee 

coWrasted to layout, 74, 93-96, 100, 147- 

148, 161-162 
contrasted to medium, 17 
geometrical, 3 
in modem art, 269 
perception gf, M7-l^ 
Specification 
of affordances, 140-142, 232 
of events, 102-103. 108-109 
and information, 242-243 
of layout, 147-169 

of limb raovements, 120-121, 234-235 
of locomotion. 121-126, 182-188, 225-234 
of self, 114-115, 121-126, 182-188, 203-208 

Specific nerve energies, 115, 246 

Station point 

for chirographic and photographic pictures, 
272-273 

contrasted to point of observation, 66 
Stereokinesis, 173-174 
Sticks 

affordances of. 39-40, 133 

defined, 35 
Stimulation 

actual vs. potential, 52-53 

as ambient energy, 57-59 

obtaining of. 243 

persisting, 248 

of receptors, 52-54 

vs. stimulus information, 52-54, 149 
Stimulus 

in ecological psychology, 57-59 

meanings of the term, 55-58 

in physiology, 55-57 
Stroboscope, 170 
Structure 

of ambient light, 65-92. See also Ambient 

optic array 
invariant structure vs. perspective 
structure, 73-75 
Substances, 19-22 

aflordances of, 131-138 
change of composition of, 97-98 
classification of, 99 
compositions of. 19-20 
defined, 307 

nondenumerability of, 34, 241 
persisting, 241-242 
properties of. 20 
Substratum, 96 
experiments on, 15S-159 
See also Ground; Surf aces, ef support 



Superposition, 82-83, 146;, 191 
Suifeies 

aflbrdances of, 31-32, 127, 131-138 
contracted to planes, 33 
defined, 307 
distant, 84-65 

distinguished perceptually fi'om nothing, 

150-156, 224 
ecological laws of, 22-32 
faces of, 26-29, 78-79, 81, 83 
going out of and coming into existence of, 

99, 106-107 
hidden and unhidden, 76-78 
information for continuation of, 83-84 
projected and unprojected, 78-79, 81, 

91 

of support, 127, 156-159 
viewed now fi om here, 195-197 
waxing and waning of, 99-100 
Swinging room, 185 

Tacit knowledge, 22, 260-261 
Texture, of surface, 25-28, 86-88, 91 

change in, 97-98 

forms of, 26-28 

pigment and layout distinguished, 25, 86- 
88 

and structuring of ambient light, 51-58, 86- 
88 

Texture, optical, 28 

amount in a solid visual angle, 161-162 
in egolocomotion, 122-124, 227- 
234 

gradient of density of, 164-166 
invariants of, 161-163 
kinetic disruption of, 179. 181, 189-190 
preservation of adjacent order of, 181 
See also Disturbance of optical structure; 
Flow perspective; Transformation 
Theories of perception 
ancient, 69-70 

ecological, contrasted to others, 1-7, 237- 
260 

ground vs. air, 148 
homunculus in, 60 

and problem of direct perception, 147-149 
role of afiordance concept in, 138-140 
sensation-based, 54 , 57, 61, 83, 115, 147, 

189, 201, 285 
stimulus-sequence, 221-222, 246-248 
Time, contrasted to events, 100-101 
Time-to-collision, experiments on, 175-176. 
See also Jnnninetice of collision 
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Tools 

affordances of, 133-134 

as special kind of detaclw^ objects, 40 
Topology, 25 
Transformation 

in animal movement, 41-42, 73-75 

of the array during locomotion, 121—126 

compared to transition, 190 

concept of, 13 

experiments with progressive, 176-178 

and form, 74 

and invariants, 13 

rigid and nonrigid, 95, 178-179 

sequential, 150 

of surfaces (deformations), 23-25, 95 
topological, 108 

See also Persistence and change 
Transition 

in occluding edge experim ents, 190 

reversible, 190, 208-209 
Tunnel effect, 82, 191 

Unconscious inf^ence, 251 

Valences, 138-140, 234 
Vanishing point, 163. 192, 277 
Vectors, 138-140 
Vertigo, 211 

Vision, ambient, 2, 194, 203-222, 303 
and the ambient array, 116 120 
compared to aperture and snapshot vision, 

205-206, 2J9-220 
defined, 1 

and head movements, 203-205 
and motion pictures, 297-299 
Vision, ambulatory, 2, 72-76, 121-126, 193- 
194, 197, 223-234, 303 
defined, 1 

Vision, aperture, 3, 112, 114-115. 159, 166- 
168, 195-197, 303 



compared to ambient vision, 205-206 
and pictures. 281, 286 
Vision, snapshot, 3, 195-197, 219-220, 247 
compared to ambient vision, 205-206 
defined, 1 

Vistas, 132-134, 195-196, 198-200, 230, 295 
Visual clifl', 121, 142, 224, 230 

experiments, 136-158 
Visual field 

compared to a picture, 285-286 

and cues for depth, 147-148 

vs. field of view, 114 

and surfaces viewed now ftom here, 196- 
197 

vs. visual world, 206 
Visualizing, 10, 256. 260, 282 
Visual kinesthesis, 125-126, 182-18S, 2i3- 
208, 220 

and control of locomotion, 225-227, 231- 

and control of manipulation, S25-227, 234- 
235 

vs. visual feedback, 184 

See also Propriocepton; Propriospecific 

inf ormation 
Visual system 

adjustments of, 8-10, 205-219, 225-227 
binocular, 111, 114, 120, 203-205, 213-214 
contrasted to visual sense, 52-62, 115-120, 

237-250 

fiinctions of, 7-10, 115-120. 203. 205, 218- 

219, 225-235 
and haptic system, 233 
role of locomotion in, 223-234 
role of manipulation in, 234-235 
Visual world, 148 

and ambient vision, 195-196 

vs. visual field, 114, 206-209, 271-272 



Water, affijrdance of, 38 
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